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(57) Abstract 

An elcctropolishing apparatus for polishing a metal layer formed on a wafer (31) includes an electrolyte (34), a polishing receptacle 
(100). a wafer chuck (29). a fluid inlet (5. 7. 9). and at least one cathode (1,2. 3). The wafer chuck (29) holds and positions the wafer (31) 
within the polishing receptacle (100). The elccmalytc (34) is delivered through the fluid inlet (5. 7, 9) into the polishing receptacle (100). 
The cathode (1, 2, 3) then applies an elecu-opolishing current to the electrolyte to electropolish the wafer (31). In accordance with one 
aspect of the present invention, discrete portions of the wafer (31) can be electropolished to enhance the uniformity of the electropolished 
wafer. 
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WO 00/03426 PCT/US99/15506 

METHODS AND APPARATUS FOR ELECTROPOLISHING METAL 
INTERCONNECTIONS ON SEMICONDUCTOR DEVICES 

CROSS -REFERENCE TO RELATED APPLICATIONS 

The present application claims the benefit of an earlier filed provisional 
application Ser. No. 60/092,316, entitled METHOD AND APPARATUS FOR 
PLATING AND PLANARIZING WAFER, filed on July 9, 1998. 



1 0 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to methods and apparatus for 
15 electropolishing metal layers on semiconductor wafers. More particularly, the present 
invention relates to a system for electropolishing interconnections in semiconductor 
devices formed on semiconductor wafers. 

2. Description of the Related Art 

In general, semiconductor devices are manufactured or fabricated on disks of 
20 semiconducting materials called wafers or slices. More particularly, wafers are 
initially sliced fix)m a silicon ingot. The wafers then xmdergo multiple masking, 
etching, and deposition processes to form the electronic circuitry of semiconductor 
devices. 

During the past decades, the semiconductor industry has increased the power 

25 of semiconductor devices in accordance with Moore's law, which predicts that the 

power of semiconductor devices will double every 18 months. This increase in the 

power of semiconductor devices has been achieved in part by decreasing the feature 

size (i.e., the smallest dimension present on a device) of these semiconductor devices. 

In fact, the feature size of semiconductor devices has quickly gone fi'om 0.35 microns 

30 to 0.25 microns, and now to 0. 1 8 microns. Undoubtedly, this trend toward smaller 

semiconductor devices is likely to proceed well beyond the sub-0.18 micron stage. 

However, one potential limiting factor to developing more powerfiil 

semiconductor devices is the increasing signal delays at the interconnections (the hnes 

of conductors, which connect elements of a single semiconductor device and/or 

1. 
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delivered through the fluid inlet into the polishing receptacle. The cathode then 
applies an electropolishing current to the electrolyte to electropolish the wafer. In 
accordance with one aspect of the present invention, discrete portions of the wafer can 
be electropolished to enhance the uniformity of the electropolished wafer. 

5 

DESCRIPTION OF THE DRAWING FIGURES 
The subject matter of the present invention is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The present 
invention, however, both as to organization and method of operation, may best be 
10 understood by reference to the following description taken in conjunction with the 
claims and the accompanying drawing figures, in which like parts may be referred to 
by like numerals: 

Figs. lA - ID are cross-section views of a semiconductor wafer in accordance 
with various aspects of the present invention; 
15 Fig. 2 is a flow chart for processing wafers in accordance with various aspects 

of the present invention; 

Figs. 3A - 3C are schematic top, cross section, and side views, respectively, of 
a wafer processing tool in accordance with various aspects of the present invention; 
Figs. 4A - 4D are cross-section views of another wafer in accordance with 
20 various aspects of the present invention; 

Fig. 5 is another flow chart for processing wafers in accordance with various 
aspects of the present invention; 

Figs. 6A - 6C are schematic top, cross section, and side views, respectively, of 
another wafer processing tool in accordance with various aspects of the present 
25 invention; 

Fig. 7A is a top view of a portion of an electropolishing apparatus in 
accordance with various aspects of the present invention; 

Fig. 7B is a view, partly in cross section, taken along the line 7B — 7B in 
Figure 7A, and partly in block diagram form, of the electropolishing apparatus shown 
30 in Fig. 7A; 

Fig. 8 is a plot of various waveforms, which may be used in conjunction with 
the electropolishing apparatus shown in Fig. 7A; 



3. 
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Fig. 17B is a view, partly in cross section, taken along the line 17B — 17B in 
Fig. 17A, and partly in block diagram form, of the alternative embodiment shown in 
Fig. 17A; 

Fig. 18A is a cross section view of an eighth alternative embodiment in 
5 accordance with various aspects of the present invention; 

Fig. 18B is a cross section view of a ninth aUemative embodiment in 
accordance with various aspects of the present invention; 

Fig. 19A is a cross section view of a tenth alternative embodiment in 
accordance with various aspects of the present invention; 
10 Fig. 19B is a cross section view of an eleventh alternative embodiment in 

accordance with various aspects of the present invention; 

Fig. 20A is a top view of a portion of a twelfth alternative embodiment in 
accordance with various aspects of the present invention; 

Fig. 20B is a view, partly in cross section, taken along the line 20B — ^20B in 
1 5 Fig. 20 A, and partly in block diagram form, of the alternative embodiment shown in 
Fig. 20A; 

Fig. 21 A is a top view of a portion of a thirteenth altemative embodiment in 
accordance with various aspects of the present invention; 

Fig. 21B is a top view of a portion of a fourteenth altemative embodiment in 
20 accordance with various aspects of the present invention; 

Fig. 22 A is a top view of a portion of a fifteenth altemative embodiment in 
accordance with various aspects of the present invention; 

Fig. 22B is a view, partly in cross section, taken along the line 22B — 22B in 
Fig. 22A, and partly in block diagram form, of the altemative embodiment shown in 
25 Fig. 22A; 

Fig. 23 A is a top view of a portion of a sixteenth altemative embodiment in 
accordance with various aspects of the present invention; 

Fig. 23B is a top view of a portion of a seventeenth altemative embodiment in 
accordance with various aspects of the present invention; 
30 Fig, 23C is a top view of a portion of an eighteenth altemative embodiment in 

accordance with various aspects of the present invention; 

Fig. 24A is a top view of a portion of a nineteenth altemative embodiment in 
accordance with various aspects of the present invention; 



5. 
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Fig. 32 A is a cross section view of a portion of a twenty-ninth alternative 
embodiment in accordance with various aspects of the present invention; 

Fig. 32B is a cross section view of a portion of a thirtieth alternative 
embodiment in accordance with various aspects of the present invention; 
5 Fig. 32C is a cross section view of a portion of a thirty-first alternative 

embodiment in accordance with various aspects of the present invention; 

Fig. 32D is a cross section view of a portion of a thirty-second alternative 
embodiment in accordance with various aspects of the present invention; 

Fig. 33 is a top view of a wafer undergoing electropolishing in accordance 
10 with various aspects of the present invention; 

Fig. 34A is a top view of a portion of a thirty-third aUemative embodiment in 
accordance with various aspects of the present invention; 

Fig. 34B is a top view of a portion of a thirty-fourth alternative embodiment in 
accordance with various aspects of the present invention; 
1 5 Fig. 34C is a top view of a portion of a thirty-fifth alternative embodiment in 

accordance with various aspects of the present invention; 

Fig. 34D is a top view of a portion of a thirty-sixth alternative embodiment in 
accordance with various aspects of the present invention; 

Fig. 35 A is a cross section view of a portion of a thirty-seventh alternative 
20 embodiment in accordance with various aspects of the present invention; 

Fig. 35B is a cross section view of a portion of a thirty-eighth alternative 
embodiment in accordance with various aspects of the present invention; 

Fig. 36 A is a top view of a portion of a thirty-ninth alternative embodiment in 
accordance with various aspects of the present invention; 
25 Fig. 36B is a view, partly in cross section, taken along the line 36B — 36B in 

Fig. 36A, and partly in block diagram form, of the alternative embodiment shown in 
Fig. 36A; 

Fig. 37 is a set of waveforms depicting a portion of an electropolishing process 
in accordance with various aspects of the present invention; 
30 Fig. 38A is a top view of a portion of a fortieth aUemative embodiment in 

accordance with various aspects of the present invention; 

Fig. 38B is a view, partly in cross section, taken along the hne 38B — 38B in 
Fig. 38A, and partly in block diagram form, of the alternative embodiment shown in 
Fig. 38A; 
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Figs. 48 is a flow chart depicting the operation of a portion of software for 
controlling a wafer processing tool in accordance with various aspects of the present 
invention; 

Figs. 49A - 49C are schematic top, cross section, and side views, respectively, 
5 of still another embodiment of a wafer processing tool in accordance with various 
aspects of the present invention; 

Fig. 50 is a schematic top view of a portion of yet another embodiment of a 
wafer processing tool in accordance with various aspects of the present invention; 

Fig. 51 is a schematic top view of a portion of another embodiment of a wafer- 
10 processmg tool in accordance with various aspects of the present invention; 

Figs. 52A - 52C are schematic top, cross section, and side views, respectively, 
of still another embodiment of a wafer processing tool in accordance with various 
aspects of the present invention; 

Fig. 53 is a waveform depicting a portion of a wafer processing operation in 
1 5 accordance with various aspects of the present invention; 

Fig. 54A is a top view of a portion of a forty-seventh alternative embodiment 
in accordance with various aspects of the present invention; and 

Fig. 54B is a view, partly in cross section, taken along the line 54B — 54B in 
Fig. 54A, and partly in block diagram form, of the alternative embodiment shown in 
20 Fig. 54A. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
In order to provide a more thorough xmderstanding of the present invention, 
the following description sets forth numerous specific details, such as specific 
25 material, parameters, and the like. It should be recognized, however, that such 

description is not intended as a limitation on the scope of the present invention, but is 
instead provided to enable a fiill and complete description of the exemplary 
embodiments. 

With reference to Fig. 1 A, a semiconductor wafer 31, according to one aspect 
30 of the present invention, suitably includes a substrate layer 124. More particularly, in 
an exemplary embodiment of the present invention, substrate layer 124 preferably 
includes silicon. It should be recognized, however, that substrate layer 124 can 
include various semiconductor materials, such as gallium arsenide and the like, 
depending on the particular application. 
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diffusion of copper into dielectric layer 123 will not adversely affect the performance 
of the semiconductor device. 

As alluded to above, depending on the particular application, metal layer 121, 
according to yet another aspect of the present invention, can be suitably formed on top 

5 of barrier layer 122 or formed on top of dielectric layer 123. Additionally, metal layer 
121 is suitably deposited within trench 125. In the present exemplary embodiment, 
metal layer 121 preferably includes copper. Accordingly, metal layer 121 is fonned 
on top of barrier layer 122 to suitably prevent the diffusion of copper from metal layer 
121 into dielectric layer 123. Although the present invention is particularly well 

1 0 suited for use with metal layer 1 2 1 including copper, it should be recognized that 
metal layer 121 can include various electrically conductive materials, such as nickel, 
chromium, zinc, cadmium, silver, gold, rhodium, palladium, platinum, tin, lead, iron, 
indium, and the like. 

Metal layer 121 can be formed on barrier layer 122 or on dielectric layer 123 

15 using any convenient method, such as PVD, CVD, and the like. Additionally, metal 
layer 121 can be formed using an electroplating processing, which is described in 
copending application Ser. No. 09/232,864, entitled PLATING APPARATUS AND 
METHOD, filed on January 15, 1999, the entire content of which is incorporated 
herein by reference. 

20 With reference now to Fig. IB, metal layer 121, formed on top of mesas 126, 

according to another aspect of the present invention, is suitably electropolished. The 
present invention can be advantageously used in a damascene process, in which the 
circuitry of a semiconductor device is pattemed into trenches or gaps. It should be 
recognized, however, that the present invention can be used in conjunction with 

25 various other processes without deviating firom the spirit and/or scope of the present 
invention. 

With reference now to Figs. 7A and 7B, a wafer electropoUsher 50, according 
to various aspects of the present invention, is shown. In an exemplary embodiment of 
the present invention, wafer electropoUsher 50 preferably includes polishing 
30 receptacle 1 00, which is divided into six sections 1 1 1 , 1 12, 1 1 3, 1 1 4, 1 1 5 and 1 1 6 by 
section walls 109, 107, 105, 103 and 101. As will be described in greater detail 
below, it should be recognized that polishing receptacle 100 can be divided into any 
number of sections by any suitable number of section walls. 

11. 
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be depicted and described below in conjunction with alternative embodiments, that 
two or more pumps 33 can be used without deviating from the spirit and/or scope of 
the present invention. Additionally, it should be recognized that electrolyte 34 can be 
suitably delivered to polishing receptacle 100 through inlets 4, 6 and 8, without pump 
5 34. For example, electrolyte 34 can be maintained at pressure withm electrolyte 
reservoir 36. Alternatively, the supply lines between electrolyte reservoir 36 and 
inlets 4, 6 and 8 can be maintained at pressure. 

LMFCs 21, 22 and 23 can include any convenient mass flow controller, 
preferably resistant to acid, corrosion, and contamination. Additionally, LMFCs 21, 

10 22 and 23 deliver electrolyte 34 at set flow rates to sections 115,113 and 111, 

respectively. Additionally, LMFCs 21, 22 and 23 can suitably deliver electrolyte 34 
at flow rates proportionate to the volumes of sections 115,113 and 111. For example, 
if section 1 15 is larger in volume than section 113, then it can be advantageous for 
LMFC 2 1 to deliver electrolyte 34 at a greater flow rate than LMFC 22. In the 

1 5 present exemplary embodiment, LMFCs 2 1 , 22 and 23 are preferably configured to 
deliver electrolyte 34 at a flow rate between about 0.5 Uters per minute and about 40 
liters per minute. 

Additionally, in the present exemplary embodiment, a separate LMFC delivers 
electrolyte into each section 1 15, 1 13 and 111. As will be described in greater detail 

20 below, this configuration facilitates electropolishing of discrete portions of wafer 3 1 . 
It should be recognized, however, that any number of LMFCs can be used depending 
on the particular application. Additionally, as will be described and depicted below in 
conjimction with alternative embodiments, electrolyte 34 can be delivered into 
polishing receptacle 100 from pump 33 without using LMFCs 21, 22 and 23. 

25 In accordance with various aspects of the present invention, wafer polisher 50 

suitably includes cathodes 1, 2 and 3 disposed within sections 111,113 and 1 15, 
respectively. As will be described in greater detail below, although the present 
exemplary embodiment includes three cathodes, any number of cathodes, whether 
fewer or greater than three, can be used without deviating from the present invention. 

30 In general, the more cathodes used, the better film uniformity can be expected. 

However, the more cathodes used, the greater the cost. Accordingly, considering the 

trade off between performance and cost, the preferred number of cathodes can be 

from about 7 to about 20 for electropolishing 200-millimeter wafers, and from about 

10 to about 30 for electropolishing 300-millimeter wafers. 

13. 
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embodiment, wafer 31 is suitably positioned above the tops of section walls 101, 103, 
105, 107 and 109 to form a gap of about 2 millimeters to about 20 millimeters. 

After wafer 3 1 is suitably positioned within polishing receptacle 100, cathodes 
1, 2 and 3 are electrically connected to power supplies 13, 12 and 1 1, respectively. 
5 Additionally, wafer 3 1 is electrically connected to power supplies 13, 12 and 1 1. In 
this manner, when electrolyte 34 flows between the bottom surface of wafer 31 and 
the tops of section walls 101, 103, 105, 107 and 109, an electrical circuit is formed. 
More particularly, cathodes 1, 2 and 3 are electrically charged to have negative 
electric potential in comparison to wafer 3 1 . In response to this negative electric 

1 0 potential at cathodes 1 , 2 and 3, metal ions then migrate away from wafer 3 1 , thus 
electropoUshing wafer 3 1 . However, when the polarity of the circuit is reversed (i.e., 
cathodes 1, 2 and 3 become anodes), metal ions migrate toward wafer 31, thus 
electroplating wafer 3 1 . 

In this manner, selective portions of wafer 31 can be suitably electropolished 

1 5 and electroplated by controlling the polarity of cathodes 1 , 2 and 3, and by controlling 
the portions of wafer 31 contacted by electrolyte 34. Fig. 33 depicts the selective 
electropolishing of wafer 31 in accordance with various aspects of the present 
invention. With reference to Fig. 33, wafer area 280 has been electropolished, area 
284 is being electropolished, and wafer area 282 has not been polished. 

20 With reference again to Figs 7A and 7B, in general, the polishing current 

density determines the rate at which metal ions migrate to or from wafer 31. 
Accordingly, the higher the polishing current density, the greater the electropolishing 
or electroplating rate. In the present exemplary embodiment, a current density of 
about 0.1 amperes per decimeter-squared (A/dmO to about 40 amperes per decimeter- 

25 squared (A/dmO, and preferably about 10 amperes per decimeter-squared (A/dm^, can 
be used. It should be recognized, however, that various current densities can be used 
depending on the particular application. 

Furthermore, power supplies 13, 12 and 1 1 can apply different current 
densities to cathodes 1, 2 and 3. For example, the current applied by power suppUes 

30 13, 12 and 1 1 can be set proportional to the surface area of wafer 3 1 that is covered by 
the corresponding cathodes. Accordmgly, if the surface area of wafer 31 covered by 
cathode 3 is larger than that covered cathode 2, power supply 1 1 can be set to apply 
more current than power supply 12. In this manner, the rate of electropolishing can 
be controlled to facilitate a more uniform etching of the surface of wafer 31. It should 
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Operated at an operating temperature of about 15 degrees Celsius to about 60 degrees 
Celsius, and preferably at about 45 degrees Celsius. 

With reference to Fig. 1 A, wafer 31 is suitably electropolished for a period of 
time (i.e., an electropolishing time period), until metal layer 121 is removed from 
5 barrier layer 122, while metal layer 121 remains within trenches 125 (as depicted in 
Fig. IB). With reference now to Fig. 7B, the requisite electropolishing time period 
can be determined by measuring the output voltage and current of power supplies 1 1 , 
12 and 13. More particularly, the resistance of barrier layer 122 is typically 
significantly greater than metal layer 121. For example, when barrier layer 122 

10 includes titanium, titanium-nitride, tantaliun, tantalum-nitride, tungsten, or tungsten- 
nitride and metal layer 121 includes copper, the resistance of barrier layer 122 is 
typically about 50 to about 100 times greater than the resistance of metal layer 121. 
Accordingly, the potential measured from edge to center of wafer 31 after polishing 
metal layer 121 away from the non-trench portions of wafer 31 is larger than that 

1 5 before polishing. As such, as detailed in the table below with reference to Figs. 7A, 
7B and 10, by comparing the output voltages of power supplies 1 1, 12 and 13, the 
portions of metal layer 121 above wafer 31 which have been removed can be suitably 
determined: 



20 TABLE 1 

1 . If Vi 1 (Voltage of power supply 1 1) and (Voltage of power supply 
12) are small in value, and V13 (Voltage of power supply 13) is large in 
value, then metal layer 121 on wafer 31 above cathode 1 has been 
removed; 

25 

2. If Vn is small in value, and V12 and Vn are large in value, then metal 
layer 121 on wafer 31 above cathode 3 has not been removed. 
Additionally, metal layer 121 above cathode 2 has been removed. 
However, the condition of metal layer 121 on wafer 31 above cathode 

30 1 is unknown. Therefore, the following additional conditions can be 

consulted to determine the condition of metal layer 121 on wafer 3 1 
above cathode 1 : 
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23 
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alluded to above, Vu and V12 could be as much as about 50 to about 100 times 
smaller than V13. 

In this manner, by referring to the above table, the areas of v/afer 31, which 
require additional electropolishing, can be suitably determined. As will be described 

5 later in conjunction with an alternative embodiment of the present invention, monitors 
can be suitably configured to measure the voUage and current provided by each one of 
power supphes 1 1, 12 and 13. This data can be suitably transmitted to a control 
system, which can include the above logic table in electronic format. For example, 
the above table can be encoded and stored in an appropriate electronic storage 

10 medium, such as on magnetic tape, magnetic disk, compact disk, and the Hke, or in an 
appropriate electronic device, such as on an integrated circuit, memory chip, and the 
like. The control system can then execute appropriate commands to continue or to 
stop the electropolishing of a particular portion of wafer 3 1 . It should be recognized 
that the control system described above can be integrated into an appropriate 

1 5 computer system, which can be a component of a wafer electropoUshing tool, an 
example of which is described below. 

Additionally, it should be appreciated, however, that various techniques can be 
used to determine the appropriate electropolishing time period. For example, as will 
be described in greater detail below in conjunction with an alternative embodiment, 

20 sensors can be used to measure the thickness of metal layer 121 (Fig. 1 A) on wafer 3 1 
(Fig. lA and Fig. 7B). 

Alternatively, with reference to Fig. 53, an end-point detector system can be 
suitably employed to determine the appropriate electropolishing time period. In 
accordance with an exemplary embodiment, the measured electrical resistance from 

25 edge to edge of wafer 31 (Fig. 1 A) is monitored using appropriate measurement tools. 
As depicted in Fig. 53, as the surface area of metal layer 121 (Fig. 1 A) on wafer 31 
(Fig. 1 A) is reduced due to electropolishing, the electrical resistance measured from 
edge to edge of wafer 31 (Fig. lA) increases. Accordingly, the appropriate time at 
which to stop electropolishing is preferably around the time at which the measured 

30 electrical resistance from edge to edge of wafer 31 changes rapidly. With specific 
reference to Fig. 53, this would be at or near tO and tJ, The region beyond tl is called 
the over-polishing region, meaning that wafer 3 1 (Fig. IB) has been polished such 
that the level of metal layer 121 (Fig. IB) within trench 125 (Fig. IB) extends below 
the level of barrier layer 122 (Fig. IB). The region before tO is called the under- 
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having a diameter of 300 millimeters or greater. In the present context, a uniform 
electropolish refers to electropolishing wafer 31 such that metal layer 121 is removed 
to an approximately even thickness across substantially all of the surface area of 
wafer 3 1 . In general, in conventional electropolishing systems, the greater the 
5 diameter of wafer 3 1 , the greater the nonxmifomiity of the electropolish. For example, 
the areas of wafer 3 1 near the center can be overpolished while the areas of wafer 3 1 
near the edges of wafer 31 can be underpolished. This can be due in part to the 
varying charge densities applied across wafer 31 by conventional electropolishing 
systems. 

10 In addition to selectively polishing portions of wafer 3 1 , using the exemplary 

embodiment of the present invention described above, the following process steps can 
be employed to electropolish the entire surface of wafer 31 substantially at one time: 

Step 1 : Turn on all power supphes 11,12 and 13. As described above, 

15 the current of each power supply 11,12 and 1 3 can be suitably 

set proportionate to the surface area of wafer 3 1 covered by the 
corresponding cathode; 



Step 2: Turn on LMFCs 21, 22 and 23. As also described above, the 

20 flow rate of electrolyte 34 from each LMFC 21 , 22 and 23 can 

be suitably set proportionate to the surface area of wafer 31 
covered by the corresponding cathode; and 

Step 3: Turn off power supplies 1 1, 12 and 13 at the same time when 
25 the thickness uniformity of metal layer 121 (Fig. 1 A) reaches a 

set value or thickness. Also, power supplies 11,12 and 13 can 
be turned off at different times to adjust the thickness 
uniformity of metal layer 121 (Fig. lA), 



30 In this manner, the rate of removal of metal layer 121 from different portions of wafer 
31 can be suitably controlled to more uniformly electropolish metal layer 121 on 
wafer 31. 

Having thus described the structure and operation of an exemplary 

embodiment, an application of the present invention in the context of a damascene 

21, 
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also described in greater detail below, wafer 31 can be suitably replated without 
necessarily having to transfer wafer 31 to another station. 

Next, in accordance with another aspect of the present invention, the metal 
layer 123 within trenches 125, which has been replated, is suitably planarized, and the 
5 barrier layer 1 22 is suitably removed. In the present exemplary embodunent, wafer 
3 1 is preferably planarized using a CMP process. By having removed the majority of 
metal layer 123 using the above described electropolishing process, only a small 
amount of metal layer 123 now needs to be removed using CMP, which reduces 
overall processing time and cost. 
10 With reference now to Figs. 3A to 3C, a wafer-processing tool 301, according 

to various aspects of the present invention, is shown. In an exemplary embodiment of 
the present invention, wafer processing tool 301 preferably includes 
electroplating/electropolishing cells 300, 302, 304, 306 and 308, cleaning cells 310, 
312, 314, 316 and 318, a CMP cell 324, wafer cassette 320, and a robot 322. 
15 Robot 322 begins by transferring a wafer from wafer cassette 320 to any one 

of electroplating/electropolishing cells 300, 302, 304, 306, or 308. The wafer is 
suitably electroplated with a metal layer 121 (Fig. 1 A). Next, the wafer is suitably 
electropolished to remove metal layer 121 from barrier layer 122 (Fig. IB). Next, the 
wafer is suitably replated to fix recesses 127 (Figs IB and IC). Robot 322 then 
20 transfers the wafer to any one of cleaning cells 310, 312, 314, 316, or 318. After the 
wafer is cleaned, robot 322 transfers the wafer to CMP cell 324, where the metal layer 
121 is planarized and barrier layer 122 is removed (Fig. ID). Robot 322 then 
transfers the wafer to any one of cleaning cells 300, 302, 304, 306, or 308 for the 
wafer to be cleaned and dried. Finally, robot 322 transfers the wafer to wafer cassette 
25 320 and begins again with another wafer. 

It should be recognized, however, that various modifications can be made to 
the configuration of wafer processing tool 301 without deviating from the spirit and/or 
scope of the present invention. For example, the initial electroplating and 
electropoUshing of the wafer can be performed in separate cells. In general, different 
30 electrolytes are used for electroplating and electropohshJing. For electroplating, a 
sulfiuic acid is typically used. For electropolishing, a phosphoric acid is typically 
used. Although sulfiiric acid can be used for electropolishing, the resulting surface 
can be non-uniform. Similarly, although phosphoric acid can be used for 
electroplating, the resulting surface can be non-uniform. A non-uniform surface can 
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Flow rate set of LMFC 55= RR. 3 x fi[valve 51) + 

F.R. 2 X f(valve 52) + 
F.R. 1 X f(valve 53) 

5 

Where, F.R. 3 is the set point of flow rate to mlet 4, F.R. 2 is the set point of flow rate 
to inlet 6, F.R. 3 is the set point of flow rate to inlet 8, and f (valve #) is a valve status 
function defined as follows: 

10 f (valve #) = 1, when valve # is turned on; 

0, when valve # is turned off 

As alluded to above, the flow rates can be set proportionate to the volumes of section 
15, 113 and 111. 

15 With reference now to Figs. 12A and 12B, another alternative embodiment of 

the present invention, according to various aspects of the present invention, is shown. 
The embodiment of Figs. 12A and 12B is similar to that of Figs. 7A and 7B except 
that LMFCs 21, 22 and 23 (Figs. 7A and 7B) have been replaced by three pumps 33 
and on/off valves 5 1, 52 and 53. In the present alternative embodiment, the delivery 

20 of electrolyte 34 into polishing receptacle 100 through inlets 4, 6 and 8 can be 

preferably controlled independently by each one of three pumps 33 and one on/off 
valve 51, 52, or 53. 

With reference now to Figs. 13A and 13B, still another alternative 
embodiment of the present invention, according to various aspects of the present 

25 invention, is shown. In contrast to the exemplary embodiment shown in Figs. 7A and 
7B, in the present alternative embodiment, a cathode is preferably disposed in every 
section of polishing receptacle 100 except section 132. For example, additional 
cathode 154 is suitably disposed between section walls 103 and 105. Additionally, 
on/off valves 81, 82, 83 and 84 are suitably disposed between the electrolyte reservoir 

30 36 and the outlets of LMFCs 21, 22, 23 and 24. Accordingly, when an on/ofif valve 
81, 82, 83 or 84 is in an open position, electrolyte 34 can suitably flow back into 
electrolyte reservoir 36 through the open valve from polishing receptacle 100. 
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It should be recognized that rather than polishing from periphery of the wafer 
to center of the wafer, polishing also can be performed from center to periphery, or 
can be performed by randomly choosing a cathode sequence. 

In addition to selectively electropolishing portions of wafer 31, using the 
present alternative embodiment described above, the following process steps can be 
employed to electropolish the entire surface of wafer 31 at one time: 

Step 1 : Turn on power supplies 1 1, 12, 13 and 14. As described 

earlier, the current of each power supply 11, 12, 13 and 14 can 
be suitably set proportionate to the surface area of wafer 31 
covered by the corresponding cathode. 

Step 2: Tum on LMFCS 21, 22, 23 and 24 and turn off valves 81, 82, 

83, 84. As also described earUer, the flow rate of electrolyte 34 
from LMFCs 21, 22, 23 and 24 can be suitably set 
proportionate to the surface area of wafer 3 1 covered by the 
corresponding cathode; and 

Step 3: Tum off power suppUes 11, 12,13 and 14 at the same time 

whenmetal layer 121 (Fig. 1 A) reaches a set value or thickness. 
Also, power supplies 1 1, 12, 13 and 14 can be turned off at 
different times to adjust the thickness uniformity of metal layer 
121 (Fig. lA). 

With reference now to Figs. 14A and 14B, yet another alternative embodiment 
of the present invention, according to various aspects of the present invention, is 
shown. The embodiment of Figs. 14A and 14B is similar to that of Figs. 13A and 
13B except that on/off valves 81, 82, 83 and 84 (Figs. 13 A and 13B) have been 
removed. Accordingly, electrolyte 34 returns to electrolyte reservoir 36 only through 
section 130. 

Usmg the present alternative embodiment described above, the following 
process steps can be suitably employed to selectively electropolish portions of wafer 
31: 
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S,ep4. '^'^''7. „^,,„ooa,hode2,andpowers„ppU«ll, 
output negative potennaiiu . , ,-al 

12 and 14 to output positive potential to anod« 4, 3, and 
:i:L,y.Tu.onU.C23andnnno«U.Cs21.22 

and 24); 

K^ea.s.epsl.o3forca«.ode3(I«n.onpowersupplyl2» 
ou;u.negativepot»tial.oc»^e3.Tu™onpowe.s^^- 

„, ,3 and .4 .0 output positive potential to an"*-*. 
^ectively.TumonLMFC22a„dti.noffmFCs21,23 

and 24); and 



Step 3: 



20 

Step 5: 



Step 6: 

30 



Kepeatsteps 1 .o 3 fo, cathode 4 (Turn on power supply U» 
o„;u,negativepo.entialtoca.h^4.Tun.on„^^^^ 
n I3andl4tooutpmpositivepotentialtoanodesl 2and3, 

^««,,Tu,nonU«C2,a„d»»offU^Cs22,23 



and 24). 
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In the above selective polishing process, instead of polishing from the center 
of wafer 31 to the periphery of wafer 31, the polishing also can be performed from the 
periphery to the center, or can be performed randomly depending on the cathode 
sequence. 

5 In addition to selectively electropolishing portions of wafer 3 1 , using the 

present alternative embodiment described above, the following process steps can be 
employed to electropolish the entire surface of wafer 3 1 at one time: 



Step 1 : Turn on power suppUes 1 1, 12, 13 and 14. As described 

1 0 earUer, the current of each power supply 11,12,13 and 1 4 can 

be suitably set proportionate to the surface area of wafer 31 
covered by the corresponding cathode; 

Step 2: Turn on LMFCs 21, 22, 23 and 24. As also described earlier, 

15 the flow rate of electrolyte 34 from LMFCs 21, 22, 23 and 24 

can be suitably set proportionate to the surface area of wafer 3 1 
covered by the corresponding cathode; and 

Step 3: Turn off power supphes 11, 12,13 and 14 at the same time 
20 when metal layer 121 (Fig. 1 A) reaches a set value or 

thickness. Also, power supplies 11, 12, 13 and 14 can be turned 
off at different times to adjust the thickness uniformity of metal 
layer 121 (Fig. lA). 



25 With reference now to Fig. 15, another alternative embodiment of the present 

invention, according to various aspects of the present invention, is shown. The 
embodiment of Fig. 15 is similar to that of Figs, 7A and 7B except that a diffuser ring 
1 12 has been added above each cathode. In accordance with one aspect of the present 
invention, diffuser ring 112 preferably facilitates a more uniform flow of electrolyte 

30 34 along section walls 109, 107, 105 and 103. As such, metal layer 121 (Fig. lA) can 

be suitably electropohshed more uniformly from wafer 31. 

Additionally, diffuser ring 112 can be suitably formed using any convenient 

method. For example, diffiiser ring 1 12 can be machined to have a number of holes. 

Alternatively, diffuser ring 1 12 can include any suitable porous material having 

29. 
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f«houtl0%toabout90%. Additionally, in the 
porosity preferably intherangeofaboutlO/o^^^^^ ^^^ 

p.esentalternativeen.bodin.ent.dif^sernngU2>^^^ 
^ti^r«,s,on, parfde and «.n ^^^^ 

to power supplies U. 12 aJ^^i^^' 149 and 143 preferably measure 

, fcechargeeachpower™pplyll,123n be calcalated by dividing 

...eused^d^noinebow — -^^^^ 



^o«..Tbe— ».om^.nA^»^^^ ^^^^^^ 

„oep.MpoUAi.grec=P«l«100».»y ^ ^^^^^,^3, 

Moteparticulatly,.n<hepres««aUen»B 3^172. Electrolyte 

34 ispreferably delivered ,„» ^^^^^^.e ,0 using a plurality 

ofi.de. 171.172. •«-^"'--°''-'°"^:3^L U3 and 115 caninclude 
obtained. Fu„h«more.itaho«ldberecog»zedta.secUons 

„ anyuumberofaddidonalinlet. „ ^«„„m altemadve 

With refe«noeno«.oF.BS.18A and , 
™bodi.entaof.bepresen.invent.on.a«^^» 

.™.ion,a,e.own.Tbee.bod™»o^P -^^^^^ 
BBandFigs.MAandl4Bexceptthatmehe.gh. ^^^^^ 

30 -inc^asesoutwardalongthera^^ -^^^^ 

Fig. ISB. theheightof seConwalls 109. 107, 34 ,„be further 

d,!radiaiairection.lnthis™nner,theflo«paue«otelec»,lyte3 

controlled to enhance the eleclropolishing process. 
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With reference now to Figs. 19A and 19B, two additional alternative 
embodiments of the present invention, according to various aspects of the present 
invention, are shown. The embodiment of Fig. 19A is similar to that of Figs. 7A and 
7B except that the height of section walls 109, 107, 105, 103 and 101 increases 
outward along the radial direction. In contrast, in the embodiment of Fig. 19B, the 
height of section walls 109, 107, 105, 103 and 101 decreases outward along the radial 
direction. In this manner, the flow pattern of electrolyte 34 can be further controlled 
to enhance the electropolishing process. 

With reference now to Figs. 20A and 20B, yet another alternative embodiment 
of the present invention, according to various aspects of the present invention, is 
shown. The embodiment of Figs. 20A and 20B is similar to that of Figs. 7 A and 7B, 
except that section walls 109, 107 105, 103 and 101 are configured to move up and 
down to adjust the flow pattern of electrolyte 34. As shown in Fig. 20B, section walls 
105 and 107 can move up, such that electrolyte 34 flows toward the portion of wafer 
31 above section walls 105 and 107. 

Using the present alternative embodiment described above, the following 
process steps can be suitably employed to selectively electropolish portions of wafer 



31: 



Step 1: 



Turn on power supply 13; 



Step2: 



Turn on LMFC 23 only and move section wall 109 close to 
wafer 31, such that electrolyte 34 only contacts the portion of 
wafer 31 above section wall 109. In this manner, metal layer 
121 (Fig. 1 A) on the portion of wafer 31 above section wall 
109 is suitably electropohshed; 



Step 3: 



When metal layer 121 (Fig. 1 A) reaches a set value or 
thickness, turn off power supply 13, turn off LMFC 23, and 
move section wall 109 to a lower position; 



Step 4: 



Repeat steps 1 to 3 for section walls 105 and 107 using LMFC 
22, section wall 105 and 107, and power supply 12; and 



31. 
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, Rcpea. s^ps 1 .0 3 fbr secUon w.m .01 and .03 „su,gl^C 
■ 21, sectionwalls.O. and. 03, andpower supply... 

prescui ait 

employed to electropolish the entire surface of wafer 

11 1 2 and 13. As described earUer, the 
TuinonpowersuppUesll,12anaiJ 

current of eachpower supply 11. 12 and 13 canbe s^my set 
proportionatetothesurfaceareaofwafer31 coveredbythe 

corresponding cathode. 

TurnonLMFCs21.22 and 23, and rnove all section walls 101 

103 105. 107 and 109 adjacent towafer31. As alsodescnb^ 
. t.nfelectrolyte34fromLMFCs2l,22and 
earlier, the flow rate of electrolyte 

23 canbe suitably set proportionateto the surface areaofwafer 
3 1 covered by the corresponding cathode; and 

roll 1 2 and 13 at the same time when 
Tumoffpowersupphesll,12,anai:>a 

„.,U,.U....lA,.-.s.,a...^^2- 



Step 2; 



Step 3: 



metal layer izi i^ng. .-rr^t 

p„„„s^Ucs..,.2andl3oanbe»„edofla.d.frc^ 

L=..oadi»s.d.efl»cb,=«-(onm.yofne^layerl21(F>g. 



lA). 



. ra™ 9lAaiid21B,twoaddiaonalaltemalive 

30 H,.21BUsM.r»Fig..l3Aa„dl3B,cxccp.M, " 
,„,odi»=n., ca^^des 1, 2 and 3 and secuon warn .<«,^07,2 

e„,bodimcn«>nriga.21Aand21B,anynu»berofs=c«o^canbe 
aeviaUng ^m.he spin, and/or acopecrU,.p«^—. 
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Additionally, as described in the table below, the cathodes can be connected to 
one or more power supplies and the sections can be connected to one or more LMFCs 
in various combinations: 



5 TABLE 2 



Combination No. 


Various ways to connect the 
cathodes to one or more 
power supplies 


Various ways to connect one 
or more sectors to one or 
more LMFCs 


1 


Each cathode is connected to an 
independent power supply 


Each sector is coimected to an 
independent LMFC 


2 


Each cathode is connected to an 
independent power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


3 


Each cathode is connected to an 
independent power supply 


All sectors are connected to an 
independent LMFC 


4 


Cathodes on the same radius are 
connected to an independent 
power supply 


Each sector is connected to an 
independent LMFC 


5 


Cathodes on the same radius are 
connected to an independent 
power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


6 


Cathodes on the same radius are 
connected to an independent 
power supply 


All sectors are connected to an 
independent LMFC 


7 


All cathodes are connected to 
an independent power supply 


Each sector is coimected to an 
independent LMFC 


8 


All cathodes are connected to 
an independent power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


9 


All cathodes are coimected to 
an mdependent power supply 


All sectors are connected to an 
independent LMFC 
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operation orco^b^ato „u«b«s ^ 

10 type cathodes 501 suitably J ^3 preferably delivered to 

.Hernativeernbodirnen^el.^^^^^^ 

electropoUshing receptacle 100 through p y ^ ^^^^ 

23B), an ellipse (Fig. 23Q. and telte ^ ^ap,„.aHVof 

tabes503canbeconnectedtopo««sapph=sll,l^ 
:':Ia3(PiS.m-Pe«.v=lV,invaHona— ^ 



TABLE 3 
"Combination No. 



Various ways to counect 
cathodes 501 to one or more 

power supplies 

lichw& is connected to an 

dependent power supply 



Various ways to connect 
plurality of tubes 503 to 

one or more LMFCs 

Each tube is ejected to" 
an independent LMFC 



in 



•'Tubes on the same raoius 

g^^h^hSd^is connected to an Tubes on 

AH tubes are connecled lu 



^E^ch^iSJSdiTs connectedto an^ 
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independent power supply 


an independent LMFC 


4 


Cathodes on the same radius 
are connected to an independent 
power supply 


Each tube is connected to 
an independent LMFC 


5 


Cathodes on the same radius 
are connected to an independent 
power supply 


Tubes on the same radius 
are connected to an 
independent LMFC 


6 


Cathodes on the same radius 
are connected to an independent 
power supply 


All tubes are connected to 
an independent LMFC 


7 


All cathodes are connected to 
an independent power supply 


Each tube is connected to 
an independent LMFC 


8 


All cathodes are connected to 
an independent power supply 


Tubes on the same radius 
are connected to an 
independent LMFC 


9 


All cathodes are connected to 
an independent power supply 


All tubes are connected to 
an independent LMFC 



In the above table, the operation of combination numbers 1, 2, 4 and 5 are the 
same as described earlier in conjunction with various alternative embodiments. The 
operation of combination numbers 3, 6, 7, 8 and 9 will be described in greater detail 

5 below in conjunction with various other alternative embodiments. 

With reference now to Figs. 24A and 24B, another alternative embodiment of 
the present invention, according to various aspects of the present invention, is shown. 
The embodiment of Figs. 24A and 24B is similar to that of Figs, 7A and 7B, except 
that cathodes 1, 2 and 3 (Figs. 7A and 7B) and section walls 109, 107, 105, 103 and 

10 101 (Figs. 7A and 7B) have been replaced with cathode 240, bar 242, and valves 202, 
204, 206, 208, 210, 212, 214, 216 and 218. In the present alternative embodiment, the 
number of power supplies has been reduced to power supply 200. Additionally, 
valves 202, 204, 206, 208, 210, 212, 214, 216 and 218 are preferably on/ofif valves 
used to control the flow of electrolyte 34 onto wafer 31. Furthermore, valves 202, 

15 204, 206, 208, 210, 212, 214, 216 and 218 are disposed symmetrically on bar 242 to 
facilitate a more uniform electropolishing process. 
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. u mative embodiment described above, the following 



31: 



10 



20 



Stepl: 



Turn on power supply 200; 



-XT, TMPC 55 and drive mechanism 30. Turn 

;eportionofwafer31abovevalves202and218.In^ 
.Ier.metallayerl21(Fig.lA)ontheport.onofwafer31 

above valves 202 and 218 is electropohshed; 

, , ^^^^CPm\A) reaches a set value or 
o,,„,. When metal layer 12UHg. lAj I 

Step 3. """^ inn TT^r 55. and valves 

thickness, turn off power supply 200. LMFC 55, 

202 and 218; 

" Step4: R.pea.sttpslU,3forvaIves204and216; 

Steps: Rep^.s.ep^ltoSfe™"''^^"'^"""' 



Step6-. R.p=a.s.epsl.o3forvalv=s208and2.2;and 



Step 7: 



Repeat steps 1 to 3 for valves 210. 



p„.e, supply canbe«n.edo„a»««onp»n^ 33 andv 
a04and214,or206and212,or210. „„f„afer31 usingthe 

Step 1 : Turn on power supply 200; 
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Step 2: Turn on LMFC 55 and all valves 202, 204, 206, 208, 210, 212, 
214, 216 and 218, such that electrolyte 34 contacts substantially 
the entire surface area of wafer 31; and 

Step 3 : Turn off power supply 200 and all valves when the film 

thickness reaches a set value. Also, valves 202, 204, 206, 208, 
210, 212, 214, 216 and 218 can be turned off at different times 
to adjust the thickness uniformity of metal layer 121 (Fig. lA) 
on wafer 31. 



10 



With reference now to Fig. 25, still another ahemative embodiment of the 
present invention, according to various aspects of the present invention, is shown. The 
embodiment of Fig. 25 is similar to that of Figs. 24A and 24B, except that all valves 
are disposed on bar 242 at different radii on bar 242 to facilitate a more uniform 
15 electropolish. 

Using the present alternative embodiment described above, the foUowmg 
process steps can be suitably employed to selectively electropolish portions of wafer 
31: 

20 Step 1 : Turn on power supply 200 (Fig. 24B); 

Step2: Tum on pump 33 (Fig. 24B), LMFC 55 (Fig. 24B), and drive 

mechanism 30 (Fig. 24B). Tum on valve 218, such that 
electrolyte 34 only contacts the portion of wafer 31 above valve 
25 218. In this maimer, metal layer 121 (Fig. 1 A) on the portion 

of wafer 31 above valve 218 is electropolished; 

Step 3: When metal layer 121 (Fig. 1 A) reaches a set value or 

thickness, tum off power supply 200 (Fig. 24B), LMFC 55 
30 (Fig. 24B), and valves 218; 

Step 4: Repeat steps 1 to 3 for valve 204; 



Steps: 



Repeat steps 1 to 3 for valve 216; 
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respectively. 

invention. «nrrions of wafer 31, using the 

T„„,m,o»=l supply 200 (F*2®'' 

,™„„U^CS5(.*24B,3.a.,vaW.m20.2«S,a:0. 
Ir2.4,216andZ18,.oh«e.ec«o.y.e34coaUc.s 
.„^,iaBy*e entire surfaceareaot^aferSUand 

1- onn fFie 24B) and all valves when the 
T„n,offpowe,^..es200ff*2j ^ 

lA)onwafer31(Fig.24B). 



Step I : 
Step 2: 



30 



.toFi. 26 yet another alternative embodiment of the 
WithreferencenowtoFig.26,y ^ invention, is shown. 

p.esentinvention.accordingtovarionsa^^^^^^^ 
TheembodimentofFig.26is.mUar-^^^^^ 
hasbeen added to formacrossshapedbar 244. 

and 214, 208 and 212 are placed symmetric 

122 and 234, 224 and 232 are 

placed synmemcally on vertical portion of bar 244 ( 
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Additionally, as depicted in Fig, 26, the valves on horizontal portion of bar 244 are 
disposed at different radii than the valves on the vertical portion of bar 244. 

Using the present alternative embodiment described above, the following 
process steps can be suitably employed to selectively electropolish portions of wafer 
5 31: 

Step 1 : Turn on power supply 200 (Fig. 24B); 

Step2: Turn on pump 33 (Fig. 24B), LMFC 55 (Fig. 24B), and drive 

10 mechanism 30 (Fig. 24B). Turn on valve 218 and 202, such 

that electrolyte 34 contacts the portion of wafer 31 above 
valves 218 and 202. In this manner, metal layer 121 (Fig. 1 A) 
on the portion of wafer 31 above valves 218 and 202 is 
electropohshed. 

15 

Step 3: When metal layer 121 (Fig. lA) reaches a set value or 

thickness, turn off power supply 200 (Fig. 24B), LMFC 55 
(Fig. 24B), valves 218 and 202; 

20 Step 4: Repeat steps 1 to 3 for valves 220 and 236; 

Step 5: Repeat steps 1 to 3 for valves 204 and 216; 

Step 6: Repeat steps 1 to 3 for valves 222 and 234; and 

25 

Step 7: Repeat steps 1 to 3 for valves 206 and 214, 224 and 232, 208 

and 212, and 210 only, respectively. 

During the above described polishing process, power supply 200 (Fig. 24B) 
30 can be operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8. 

In addition to selectively electropolishing portions of wafer 31, using the 
present alternative embodiment described above, the following process steps can be 
employed to electropolish the entire surface of wafer 3 1 at one time: 



39. 
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Stepl: 
Step 2: 



10 



15 



20 
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Tumonpowersupply200(Fig.24B); 

,,fFm24B),LMFC55(Fig.24B),andaU 

Steps: Tmnonp i a) reaches a set value. All 

tUckMssotmetal layer 121 (f* ' 

2iZ, V 1 1 o 1 rPi a I on wafer 

teMckness^itormity ofmetal layer 121 (F.g.lA) 

31(Fig.24B). 

,„Fte 27A.B.andC,.hreeadditionalaltenBtive 
Wi,href«e„ceno«.oF.g.^2J^ 
«„Wime„uo£.heprese„..— acc^^r^ 

..e.«o.ares.»wT.ee»^a^o^^- 

,4Be,cep..ha..in.h.P---^; . ^^^or.^21B'S 

^..eentwo adiacentbarsrspref^Wy ^^^^^ 

^ar.o.hoseofFigs.24Aa„d24B«2^ „i,,,Cis 
.et^eeatv-oadiaeentbarsispreterablyabo .« ^ ^ ^^^^^^^ 

,^„„.o«,oseofH,s.24Aa.d24Be.e^l^.>^^^ 

^.^..owever ^.aov— - ,„.Kea,ace«.arsea„.se. 

spiritand/orscopeofthepresentm i^i^orseope of the present 

atvaHous^glesagainwithoutdevtatrngftomftespm 

invention. , f electropolishing 

,«>eal,en.a«vee»hod^*^^« 

^.„eecanhes.s,.ed^,»v.veso^o*^P^^P^^^^ 
.,ece«erofwafer31.ors.ar.edrand».y. S.^^ (^tt„„ger diameter) o» 

^^entofmepresentlnventi— 
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invention, is shown. The embodiment of Figs. 28A and 28B is similar to that of Figs. 

24A and 24B except that position fixed valves 202, 204, 206, 208, 210, 212, 214, 216 

and 218 have been replaced by two moveable jets 254. Moveable jets 254 are 

disposed adjacent wafer 31 and apply electrolyte 34 onto specific portions of wafer 
5 34. Moveable jets 254 also sit on guide bar 250, and can move along the X direction 

as shown in Figs. 28A and 28B. Additionally, in the present exemplary embodiment, 

fi-esh electrolyte is suppUed through flexible pipe 258. 

Using the present alternative embodiment described above, the following 

process steps can be suitably employed to selectively electropolish portions of wafer 
10 31: 



Step 1 : Turn on power supply 200; 

Step2: Turn on pump 33, LMFC 55, and driving mechanism 30. Turn 

1 5 on valves 356, such that electrolyte 34 only contacts the 

portions of wafer 31 above valves 356. In this manner, metal 
layer 121 (Fig. lA) on the portions of wafer 31 above valves 
356 are suitably electropolished; 

20 Step 3: When metal layer 121 (Fig. 1 A) reaches a set value or 

thickness, tum off power supply 200, LMFC 55, and valves 
356; 



25 



Step 4: Move cathode jet 254 to the next position; and 

Step 5: Repeat steps 1 to 4 until metal layer 121 (Fig. 1 A) has been 

electropolished from wafer 31. 



With reference now to Figs. 29A and 29B, yet another alternative embodiment 
30 of the present invention, according to various aspects of the present invention, is 

shown. The embodiment of Figs. 29 A and 29B is similar to that of Figs. 28 A and 28B 
except that two additional moveable cathode jets are added in the Y direction in order 
to increasing polishing speed. However, the process sequence is similar to that of 
Figs. 28A and 28B. 

35 With reference now to Figs. 30A and 30B, another alternative embodiment of 

the present invention, according to various aspects of the present invention, is shown. 
The embodiment of Figs. 30A and 30B is similar to that of Figs. 28A and 28B except 
that wafer 31 is immersed into electrolyte 34. Moveable jets 254 are disposed 
adjacent to wafer 31 to focus polishing current on a specific portion of wafer 31. In 
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about 1 miUto«er. Again, P™<»=' ^"1 

™,„.™e.of*ep«»c.. — — 0'^^^^^ 

30Aan<130Btx«ptthat&«helKtrolyBJ Wafer 31 also cm be 

V, ■ .. ■>« »nd 254 teough flexible pipe 258. Walet 3 1 
in^ad of moveable jeB 252 and m ^ 

0 inune^i"'— Lf»afer31. ^^epresen. 
,„afe,3.»focnspoli.hM8Cn.«n.onaspec^^^ " ^^^^^3^^ 

aUe^Hve en.bodin,en, *c gap bebveen — , 
.el„*e»ngeofab„u.0..n,ml»e.e.»abon 5^2^^^ J 

» Wid,.fe«nce^w.B^A.^^^ 

p^.i„vention,aresh^w. Case 262 cm be suitably formed ftoM an in»la» 
i.,„desca*ode252and»e26Xa.^^^^^^ 

material, such as Teflon, CPVCPVDf, ,^^,^34canbe 
,„ amoveaMeie.co„sis«ngofca.ode^a^™--^- 

.oveable,e.,w. >«J»^^ ^^^^ 

^,or ^^^121^^^ ,„pp„ 276, md electrode 270 can 

-^"^''ItTaccordlwiaoneaspec.ot.bepresentin.enUon, 
25 beconnectedto^aferSl. ^262, therefore reducing 

e.ec»^e2,6preferably.rapsm«a^«"-^^^^^ 

prevents electrical field leakage u ^ 
exnbodimentofFig.32D is similarto that ofFig.32C. except th 

30 ^oleatthebottoinforelectro^eS^^^^ 3,3, 34C and 34D, four additional 

With reference now to Fig. 34A, ^^^^ 
. K -lim^nts of the present invention, according to various p 
alternative embodiments ol me p ^^^^ 

„ „e shovm. The embodiment of Fig. 34 A is simu 
present mvention, are shovm. ^^^^^ 
Figs.28Aand28Bexceptthatthreebarsareprefcrablyused. 
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adjacent bars can be preferably about 60°. The embodiment of Fig. 34B is similar to 
those of Figs. 28 A and 28B except that four bars are preferably used. The angle 
between two adjacent bars can be preferably about 45°. The embodiment of Fig. 34 C 
is similar to those of Figs. 28 A and 28B except that half of a bar is used. Again, it 

5 should be recognized that any number of bars can be employed without deviating 
from the spirit and/or scope of the present invention. Additionally, any two adjacent 
bars can be separated by any desired angle without deviating from the spirit and/or 
scope of the present invention. The embodiment of Fig. 34D is similar to those of 
Figs. 28A and 28B except that the straight bar is replaced by a spiral bar. 

10 With reference now to Fig. 35, two additional alternative embodiments of the 

present invention, according to various aspects of the present invention, are shown. 
The embodiments of Figs. 35A and 35B are similar to those of Figs. 28A and 28B 
except wafer 31 can be positioned upside down and vertically, respectively. 



1 5 the present invention, according to various aspects of the present invention, is shown. 
The embodiment of Figs. 36A and 36B is similar to that of Figs. 14A and 14B except 
that all cathodes are replaced by one-piece cathode 8. In the present alternative 
embodiment, cathode 8 can be suitably connected to single power supply 11. 



20 process steps can be suitably employed to selectively electropolish portions of wafer 



With reference now to Figs. 36A and 36B, another alternative embodiment of 



Using the present alternative embodiment described above, the following 



Step 1: 



Turn on power supply 1 1 ; 



25 



30 



Step2: 



Turn on LMFC 21 and valves 82,83, and 84, turn off LMFCS 
22, 23, 24 and valve 81, such that electrolyte34 only contacts the 
portion of wafer 31 above sub-polishing bath 66, and then flows 
back to electrolyte reservoir 36 through the spaces between 
section walls 100 and 103, 103 and 105, 105 and 107, 107 and 
109. In this manner, metal layer 121 (Fig. 1 A) is 
electropolished from the portion of wafer 31 above sub- 
polishing bath 66; 



35 



Step 3: 



When metal layer 121 (Fig. 1 A) reaches a set value or thickness, 
turn off power supply 1 1 and turn off LMFC 21; 



Step 4: 



Repeat steps 1 to 3 for LMFC 22 (turn on LMFC 22, valves 81, 
83, 84, and power supply 1 1 , and turn off LMFCS 21 23, 24, 
valve 82); 



40 
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, f T mrpr 23 ftum on LMFC 23, valves 81, 
Repeat steps 1 to 3 ?f^^^3 (tmi ^4, 
82, 84, and power supply 11, ano mm 
valve 83); and 

, Of TMPr 24 (turn on LMFC 24, valves 81, 
Repeat steps I to 3 ^^^^^^off LMFCS 21, 22 and 
82, 83, and power supply 1 1, ana luni 



U<fa, w-j ' 1 

23, and valve 84). 



employed to electropolish the entue surface of wafer 

' Step 1: Turn on power supply U;. 

Tx^PcOl 22 23 and 24 and turn off valves 81, 82, 
c;,^„9. TumonLMFCs21,22,/:>anu ..AAur 

. T i^jTcna o^ 92 23 and 24 metal 
.ten3- Tumoffpowersupplyll^dLMFCs21,22,23 

^ wl21(Fig.lA)reachesasetvalueorthicla.ess.Also, 

layer g J ^^^.e turned off at different 

power supplies II, 12 ana i:» ^ 

Lestoadiustthethicl.essuniformityofn.etallayerl21(F.g. 



lA). 



30 



35 



• ^^tnadiusttheelectropolishingfitai 

does not contact wafer 31 except v 
time t2. LMFC 22 is turned off. Similarly, i^jvu- 
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off at time t4 to obtain extra polishing of portions of wafer 31 above sub-polishing 
bath 60. Times and t4 can be fine-tuned by measuring wafer thickness uniformity. 

With reference now to Figs. 38A and 38B, still another alternative 
embodiment of the present invention, according to various aspects of the present 

5 invention, is shown. The embodiment of Figs. 38A and 38B is similar to that of Figs. 
7A and 7B except that all cathodes are connected to single power supply 1 L Since the 
electrolyte only contacts the portion of wafer 31 being selectively electropolished, a 
majority of the polishing current will come from the cathode and go to that portion of 
wafer 31 . The polishing process steps are similar to those of Figs, 7A and 7B, with 

10 power supply 1 1 replacing power supply 12 and 13. 

With reference now to Figs. 39A and 39B, yet another alternative embodiment 
of the present invention, according to various aspects of the present invention, is 
shown. The embodiment of Figs. 39 A and 39B is similar to that of Figs. 38 A and 
38B except that section walls 101, 103, 105, 107 and 109 can move up and down to 

15 adjust the flow pattern. As shown in Fig. 41, section walls 105 and 107 are moved up, 
so that the electrolyte flows toward the portion of wafer 31 above section walls 105 
and 107. 

Using the present alternative embodiment described above, the following 
process steps can be suitably employed to selectively electropolish portions of wafer 
20 31: 



Step 1 : Turn on power supply 1 1 ; 

Step2: Turn on LMFC 21 only and move section walls 101 and 103 

25 close to wafer 3 1 , such that electrolyte 34 only contacts the 

portion of wafer 31 above section walls 101 and 103. In this 
manner, metal layer 121 (Fig. 1 A) on the portion of wafer 31 
above section walls 101 and 103 is suitably electropolished; 

30 Step 3: When metal layer 121 (Fig. 1 A) reaches a set value or 

thickness, turn off power supply 11, turn off LMFC 21, and 
move section walls 101 and 103 to a lower position; 



Step 4: Repeat steps 1 to 3 for section walls 105 and 107, using LMFC 

35 22 and section walls 105 and 107, respectively; and 

Step 5: Repeat steps 1 to 3 for section wall 109, using LMFC 23 and 

section wall 109. 
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5 



10 



Stepl- Turn on power supply U; 

103, 105, S^'^^I°'2r22 23^424 can be suhably 
corresponding cathode; and 



20 



25 



Step 2: 



15 Step 3: 



Eachpaiiofseouonwauscana j^^j, adjust 

39B, ™'^c ,2»n Wafar 31 will be aatetivdy 

„ ,„ Fte 40A and 40B, another alternative embodiment of 
^'^'^'-^^--^I'rl.aspectsoftbep^entinvention.i.sbown. 
te p^ent invention, aecordmg to vanons ^ ^ 

,,,40.and40Bi,.nst«.»an™^od»»^.^^^^^^^ 

.ngleLMrCtotpoiishingn,et.lay^ 2 ff^^^^^^ 
prx^cess steps can be suitably employed to selectively 



31: 

35 Stepl: 



Turn onpower supply 11 to -^^^fJ^C^^^^^ ^^^"^ 

, TurnonLMFCSS^therebyir^ersingtl^ 

Iirtrolyte34. ^^rZl^^^^oiZ.^^^ 
40 polished away only from the pomon 

cathode 4; 
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Step 3: When metal layer 121 (Fig. lA) reaches a set value or 

thickness, turn off power supply 11; 

5 Step 4: Repeat steps 1 to 3 for cathode 3 (turn on power supply 12 to 

output positive potential to cathode 3, and power supplies 11, 
13 and 14 to output negative potential to cathodes 4, 2 and 1); 

Step 5 : Repeat steps 1 to 3 for cathode 2 (turn on power supply 1 3 to 

10 output positive potential to cathode 2, and power supplies 11, 

12 and 14 to output negative potential to cathodes 4, 3 and 1); 
and 

Step 6: Repeat steps 1 to 3 for cathode 1 (turn on power supply 14 to 

1 5 output positive potential to cathode 1 , and power suppUes 1 1 , 

12 and 13 to output negative potential to cathodes 4, 3 and 2). 

Fig. 41 shows the power supply turn on/off sequence for polishing wafer areas 
4 (above cathode 4), 3, 2, and then 1 . The power supply output wave form can be 
20 selected from a variety of wave forms such as a modified sine-wave form, a unipolar 
pulse, a pulse reverse, a pulse-on-pulse, or a duplex pulse, as shown in Fig. 42. 

In the above selective electropoUshing process, instead of electropolishing 
from the periphery to the center of the wafer, electropolishing can also be performed 
from center to periphery, or can be performed randomly by choosing an arbitrary 
25 cathode sequence. 

In addition to selectively electropolishing portions of wafer 31, using the 
present alternative embodiment described above, the following process steps can be 
employed to electropolish the entire surface of wafer 31 at one time: 

30 Step 1 : Turn on power suppUes 1 1 , 1 2, 1 3 and 1 4. The current of each 

power supply 11, 12, 13 and 14 can be suitably set 
proportionate to the surface area of wafer 3 1 covered by the 
corresponding cathode. 

35 Step 2: Turn on LMFC 55; and 

Step 3: Tum off power supplies 1 1, 12, 13 and 14 at the same time 

when metal layer 121 (Fig. 1 A) reaches a set value or 
thickness. Also, power supplies 11, 12, 13 and 14 can be turned 
40 off at different times to adjust the thickness uniformity of metal 

layer 121 (Fig. lA). 
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«, Ftas 43A and 43B. still another alternative 
With reference now to Figs. 4:>a «" 

* • «,t;nTi according to various aspects of the presenx 
embodiment of the present mvention, according ^.^ 

Wo.! A3A and 43B show an embodiment oi uie app 
tavento « sho™. F,gs. 43A m ^ ^ „yer 121 (Fig. lA) 

auiaptepowersapplicanda^mgleUffCtorpo g 

43Aan(J43B,s«:ttonwallsl05anaiu/c: 
31: 

Step V Turn on power supply 1 1 ; 
15 T i^r 55 and move section walls 101 and 103 adjacrat 

S 101 J 103 is smubly electtopotasW. 

a lower position; 

25 . Peoeat steps 1 to 3 for section wall 105 and 107. using section 

Ss 107 and power supply 12; and 

Step 5: Repeat steps 1 to 3 for sectionwall I09,using section wall 109 

and power supply 13. 
, .0 selccUvcly ele^ropoUshingportions ot«at« 31, mingto 

Lp,oy=d»e,ec»opo«**=en*=^ceotwafer31a.<»e»ae. 

each P™" ='W L\':ii?„:.f wafer 31 thai is covered 



Step 3: 



35 



the corresponding cathode; 



40 



48. 



wo 00/03426 



PCT/US99/15506 



Step 2: 



Turn on LMFC 55, and move all section walls 101, 103, 105. 
107 and section wall 109 close to wafer 31; and 



Step 3: 



Turn off power supplies 1 1, 12 and 13 at the same time when 
the thickness uniformity of metal layer 121 (Fig. 1 A) reaches a 
set value or thickness. Also, power supplies 11, 12 and 13 can 
be turned off at different times to adjust the thickness 



uniformity of metal layer 121 (Fig. 1 A). 



With reference now to Figs. 44A and 44B, yet another alternative embodiment 
of the present invention, according to various aspects of the present invention, is 
shown. Figs. 44A and 44B show an embodiment of the apparatus with a single power 
supply and single LMFC for poUshing metal layer 121 (Fig. 1 A) directly on substrate 
123 (Fig. 1 A) with barrier layer 122 (Fig. 1 A) on top. The embodiment of Figs. 44A 
and 44B is similar to that of Figs. 43A and 43B except that one power supply 1 1 is 
used, and all cathodes are connected to single power supply 11. Similarly, section 
walls can move up and down to adjust the flow pattern. As shown in Figs. 44A and 
44B, section walls 105 and 107 can be moved up, so that the electrolyte flows toward 
the portion of wafer above wall 105 and 107. 

Using the present alternative embodiment described above, the following 
process steps can be suitably employed to selectively electropolish portions of wafer 



31: 



Step 1: 



Turn on power supply 1 1 ; 



Step2: 



Turn on LMFC 55 and move section walls 101 and 103 close to 
the wafer, such that electrolyte 34 only contacts the portion of 
wafer 31 above section walls 101 and 103. In this manner, 
metal layer 121 (Fig. 1 A) on the portion of wafer 31 above 
section walls 101 and 103 is suitably electropolished; 



Step 3: 



When metal layer 121 (Fig. 1 A) reaches a set value or 
thickness, turn off power supply 1 1, and move section walls 
101 and 103 to a lower position; 



Step 4: 



Repeat steps I to 3 for section walls 105 and 107 (move section 
walls 105 and 107 up close to wafer 31, and turn on power 
supply 11); and 



Step 5: 



Repeat steps 1 to 3 for section walls 109 (move section wall 
1 09 up close to wafer 31, and turn on power supply 1 1). 
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alternative embodiment deso-WabovctefoUow^P 
.„e.ec»poUshti-eenti.s«faeeot«afer31a,one«n,e. 

Stepl- Turn on power supply n; 
^"^ io7mdl(»Bpdosetowafct31,and 
,„3. MoveaUseotion«aUsd.™.oalow«|orito^*^^^ 

can also be moved down at *ff«^™^' y„ example, as 

n on. in order 105 and .07 are 

shovm in Figs. 44A and 44B, Kcnm w 

being kept a. higher P-'^^^^^^r^extta poUshii-g 

-t^iror^^Shtt-ac— 

" « — ->«*^-*"'"°"'r::epresen. 

e^W^enUof^epresent— .aeeord^g^-^^^^^ 

..entio^aresbo™. ^^'^^^^^Z^:^^--^ 
-'«--"~r:^rmsensors50.issen.bac..compu«,.0.. 

25 ^easnremen. sensors, ^'^^f^'^ ^^^ipolishirtg uniformity and 

The in-situ tUctaess data can be used to adjust or eo 



final thickness. 



tinai uuvis^w-^. 

47 another alternative embodiment of the present 
Wi,l,refere„ceno«toF.g.47 - ^^^^^^ j,.^ ,, 

l„ention,accordh,gtova.ious^«Uof^^^^^ 

,0 showsanembodimenteonfis^-'tobeamn^ „,ea,^ module with wafer dry- 

.afer.,.eess.gt.l«.h— -^^^ 

in and dry-out capabiUty. It preferably 3IO, 312, 314. 316 

J iftR five stacked cleaning/dry chamoer!. j , 
300. 302, 304, 306 and 308. five sta* ^ 

a^ 31S, robot 322. wafer casseties 320 "^''^^f a 

35 plumbinghox330. '""^^^.tl^^^f section walls or 

plnratityo(ca,hodes,aplurality of power .ppUe..^-^^^^^^ ^^^^ 

. u V .n,l a driving mechanism, which rotates 
mbes.awaferchuclt,andad„v.ng ^^^^ ^j^^,^;„,,^^a 

duringtheelectropolishingP"^^. Eleetmlyte^r^ 
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temperature control sensor. Plumbing box 330 preferably includes of a pump, 
LMFCs, valves, filters, and plumbing. The polishing system further preferably 
includes a computer control hardware and an appropriate operating software package. 
The operation process sequence is described as follows: 

Step A: Load wafer cassettes 320 and 321 manually or using robot 322; 
Step B ; Select recipe and push run button; 

Step C: Initialize the system using the control software, including 

checking any and all system parameters, and monitoring for any 
alarms existing in the system; 

Step D: After completing the initialization, robot 322 picks up a wafer 
from cassette 320 or 321 and sends the wafer to one of the 
poUshing receptacles 300, 302, 304, 306, or 308 

Step E: Metal layer 121 (Fig. 1 A) on the wafer is then electropohshed; 

Step F: After electropolishing, robot 322 picks up the poUshed wafer 
from the pohshing receptacle, then transports it to one of 
cleaning/drying chambers 310, 312, 314, 316, or 318; 

Step G: The electropohshed wafer is then cleaned; 

Step H: The electropolished wafer is then dried using any convenient 
drying process, such as spin-drying and/or N2 purging; and 

Step I: Finally, the dried wafer is then transported to cassette 320 or 
321 manually or by robot 322. 

Fig. 48 shows the process sequence for poUshing muhiple wafers 
simultaneously. The process sequence for polishing multiple wafers is similar to that 
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■ , ,.t„ B.ceot that the computer checks for any 
fore.ec»poUshiugasmgIewa,er.exc^.* ^ ^^^^^ 

^p,ocessed»aferar=-«ai,^gmca.e«e320or3^^^^^ 

.^rocc.eawaferre.,,^n.nca.e^^^^^^ ^^^^^^^^ 
.,Mi.e.aoadingne«caaae..csor«..^g2„ ^^^^^ 
5 unprocess.d«aterre.nai,..g.noasae,tej»*o^ ^ 

D (i.e, robot 322 picks w »»P"«««i ""f" ^ 

-'^rorrr.oi.h.>ec,^..^c.^^ 

or different hardware. five cleaning/diying 

T . -inf^rranemgfivepoUshingreceptaclesandfive-cleanmg/aiy b 

.^.rr":J,.eccptac,esa.„^herorc,ea^.^ 
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TABLE 4 
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[Type 


1 r^" 

1 Ui 




4 


TTT" 

5 6 i 


f 

7 


Tl 

8 


9 
9 


No. of polishxng recepiaulw 
No. of cleaning/drying chambers 




7 


6 


5 4 


3 


2 


1 



„ accordance with various aspects of the presort .nvenoon. ... 

"'tr— «to.i....^-----— r 

.,entio.accorain,.variousaspec.sof*epres.tin^t.o..^^^^^^ 

.ow.ane.ho.n.entconfi^-w^-P"-'™ -'J^^^^ 

^ . evin A7 exceot that cassette 320 can Demovcu f 
49 is similar to that of Fig. 47, excepxuw ^ tv,P 



30 



9issmiiiartomai«..»B— " ^ ..^ nt, and down to match the 

u .c.,-* Thei3ositionofcassette320canbemovedupan(iaown 
.robot 323. The posinon ^_t.., Arrnrdinriv.robot 

,osition of the polishing receptacle or c\t 
does not need to move in the Z direction 



322 
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cassette 320 or putting a polished dry wafer back into cassette 320. In this manner, 
the operating speed of robot 323 can be suitably increased. 

With reference now to Fig. 50, still another alternative embodiment of the 
present invention, according to various aspects of the present invention, is shown. 
5 The embodiment shown in Fig. 50 is similar to that of Fig. 47 except that robot 322 
itself can move in the X direction. Accordingly, robot 322 need not rotate about the Z 
axis. 

With reference now to Fig. 51, yet another alternative embodiment of the 
present invention, according to various aspects of the present invention, is shown. 

10 The embodiment shown in Fig. 51 is similar to that of Fig. 47 except that polishing 
receptacles and cleaning/drying chambers are put in one column. Compared with the 
embodiment of Fig. 47, the foot print of the system is reduced, however wafer 
throughput can be slower. 

With reference now to Fig. 52, another alternative embodiment of the present 

15 invention, according to various aspects of the present invention, is shown. The 
embodiment shown in Fig. 52 preferably includes three columns of polishing 
receptacles and cleaning/drying chambers, linearly moveable robot 322, operation 
screen 340, two cassettes stacked adjacent to each other, plimibing box 330, and 
electrolyte reservoir 36. The polishing process steps are similar to those described in 

20 Fig. 47. 

Fig. 54 shows still another embodiment of apparatus for polishing metal layer 
121 (Fig. 1 A) in accordance with the present invention. The embodiment of Fig. 54 is 
similar to that of Figs. 28A and 28B except that multi-jets are replaced by a single jet 
255. Additionally, cathode jet 255 remains stationary while wafer 31 is moved along 

25 the X-axis (left and right). More particularly, in the present exemplary embodiment, 
cathode jet 255 injects electrolyte onto selected portions of wafer 31, while wafer 31 
is rotated and moved in the X-axis substantially simultaneously by drive means 30 
and guide bar 35. When wafer 31 is moved to the left side, cathode jet 255 injects 
electrolyte on to the center portion of wafer 3 1 . When wafer 3 1 is moved to the right 

30 side, cathode jet 255 injects electt-olyte onto the periphery portion of wafer 3 1 . In 
accordance with one aspect of the present invention, the rotation speed of wafer 31 
can be kept at a constant rate during the polishing process. The speed with which 
wafer 31 is moved along the x-axis can be varied from large to small as drive means 
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• f«,.f^31 away fromthecathodejet255.Thisspeedof 
SOmovesthecenterportionofwaferSlawaytr 

wafer 31 along thex-axis(Vx)canbeexpressed as follows. 



o,r / u-A^i whenx<r 

^peofO-cpresen.— .Por«^>-2r^ ^^^^^^^ 
p„toWngpocess.Thev,at=l.tself P i^ead of 



20 



^es«c»ul..ta*.— ..-^^^^^ ^^^^^^^ 

:!rr::r: ---- 

e„„j^fionw,*an™b=.o» ^^^^^^^^ 
a,awingfi^.v-usn.od.f,c«.o^-^- ^^^^^^^ 
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CLAIMS 

1 . A method for electropolishing a metal layer formed on a wafer, comprising the 
steps of: 

5 applying an electrolyte onto a first portion of the wafer; 

applying a polishing current to said electrolyte to electropolish the metal layer 
fi-om said first portion of the wafer; 

applying said electrolyte onto at least a second portion of the wafer; and 
applying said polishing current to said electrolyte to electropolish the metal 

10 layer fi*om said at least second portion of the wafer. 

2. The method of claim 1, wherein said polishing current is applied to said first 
portion of the wafer independently from said second portion of the wafer. 

15 3 . The method of claim 2, wherein said polishing current is applied to a first 
cathode disposed adjacent to said first portion of the wafer, and wherein said 
polishing current is applied to at least a second cathode disposed adjacent to said 
second portion of the wafer. 

20 4. The method of claim 3, wherein said polishing current is applied to said first 
cathode and said second cathode at the same time. 

5. The method of claim 4, wherein said polishing current is applied to said first 
cathode and said second cathode in proportion to the surface area of said first portion 

25 and said second portion of the wafer to facilitate a uniform electropolish of the wafer. 

6. The method of claim 3, wherein said polishing current is applied to said 
second cathode after said current is first applied to said first cathode. 

30 7. The method of claim 1 , wherein said electrolyte is applied to said first ponion 
of the wafer independently from said second portion of the wafer. 

8. The method of claim 7, wherein said electrolyte is applied to said first portion 

and second ponion of the wafer at the same time. 
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electropoUsh of the wafer. 

a of claim 7 wherein said electrolyte is applied to said second 

wafer. 



10 11. 



The method of claim 1. wherein the wafer includes: 
a barrier layer below the metal layer; and 
a dielectric layer below said barrier layer. 



15 



20 



. .,5a Plurality oftrenches extending mto said dielectric layer, 

of trenches. 

„»^nomore««„500A.gs-rom.ftoa,ae,opot»d«eaches. 
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said first portion of the wafer; and 
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determining when said polishing voltage increases. 

17. The method of claim 15, wherein said determining step further comprises the 
step of measuring the thickness of the metal layer remaining on said first portion of 

5 the wafer using a thickness sensor disposed adjacent to said first portion of the wafer. 

18. The method of claim 1 5, further comprising the step of determining when the 
metal layer has been removed fit)m said second portion of said wafer. 

10 19. The method of claun 1 8, wherein said determining step further comprises the 
steps of: 

measuring a polishing voltage associated with said polishing current applied to 
said second portion of the wafer; and 

determining when said polishing voltage increases. 

15 

20. The method of claim 1 8, wherein said determining step further comprises the 
step of measuring the thickness of the metal layer remaining on said second portion of 
the wafer using a thickness sensor disposed below said second portion of the wafer. 

20 21. The method of claim 1 8, wherein said determining step further comprises the 
steps of: 

measuring an edge resistance from a first edge of the wafer to a second edge 
of the wafer opposite said first edge; and 

determining when said edge resistance increases. 

25 

22. The method of claim 13, further comprising the steps of: 

reversing said polishing current applied to said fu^t portion and said at least 
second portion of the wafer to re-plate metal onto the metal layer within said plurality 
of trenches; and 

30 stopping said polishing ciurent when a portion of the metal layer contained 

within said plurality of trenches, which extends out of said plurality of trenches. 
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said plurality of trenches, 
dielectric layer. 

^ ^e™*od«fe;..«,wh=.insaid — .^taCudesplanarizing^e 
w*usingach»ioal,n=ch»ica.po.ishing(CMP)P--- 

T..„eU,odofc.^23,»hereias.d — s^pinCudcCcWngmc 

wafer. 

uemed-odof cUta U. wherein *en,eu.. aye, inc.ud« copper. 

15 ... j;»i«.tric laver includes silicon dioxide 

28. Themethod of claim U, wherein said dielectric layer inc 

(Si02). 

^e.e*oaorc,ain.n,wher...Mddie,ec*>ayerine,uaes,owdie>ec«c 

20 constant material. 

30 The,„e«.odotoUinr29.«herein^ddi=.ec*>ayerine,udeshydrogen- 
sUse^luioxane (HSQ), Xerogel, polymer, or aerogel. 
^ 31 T.eme^ofolal»U,»hereinsaidba,rierlayerM„de.u^-m. 

3, THe.e*odofc,al.«l.««Herco.,.risi»g*es.epo,ro.««g*ewafer.hl.e 
:ee,el.y.= andpoUs^go„rre„.areappUed.o*e«a„aa.«seco»S 

30 portions of the wafer. 

„ The mediod of claim 32, wherein the wafer is rotated at a rate of 

minute. 
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34. The method of claim 1 , wherein said polishing current has a current density of 
about 0.1 amperes per decimeter-squared (A/dm^) to about amperes per decimeter- 
squared (40 A/dm^). 

5 

35. The method of claim 1, wherein said electrolyte includes orthophosphoric acid 
(H2P04). 

36. The method of claim 35, wherein said orthophosphoric acid has a 

10 concentration of about 60 percent to about 85 percent and contains about 1 percent 
aluminum metal (against weight of the acid). 

37. An apparatus for electropolishing a metal layer formed on a wafer, 
comprising: 

15 an electrolyte for polishing the metal layer; 

a poUshing receptacle for receiving said electrolyte and the wafer; 
a wafer chuck for holding the wafer and position the wafer within said 
polishing receptacle; 

a fluid inlet for deUvering said electrolyte into said polishing receptacle; and 
20 at least one cathode for applying an electropolishing current to said electrolyte 

to electropolish the wafer. 

38. The apparatus of claim 37, wherein said polishing receptacle is divided into at 
least three sections. 

25 

39. The apparatus of claim 38, further comprising: 

a first cathode disposed within one of said three sections; and 

a second cathode disposed within another one of said three sections. 

30 40. The apparatus of claim 39, wherein said three sections of said polishing 
receptacle comprises: 
a first section; 

a second section, wherein said first section is contained within said second 
section; and 

59. 
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• -A onnnH section is contained within said third 
a third section, wherem said second section 

section. 

,J^lfordeUveHngsMd.,«»..y«i..«^a'"-'-«»-r'^-^ 
sud first section lot a ,,„„ f„, delivering said electrolyte into said 

flBd inlet disposed in said second section for deliven g 

10 second section. 

.fluid outlet disposed in said 
^.ection for removing -de,ect.,ytefto.saidHisl^grec<.tacle. 

^ X^eapparamsofCaim^CW..— Bafo..rdisectio.wl,e.insaid 
ajrf secdon is contained within in fonrth section. 

Theappa.a.usofc,ain,4.,wlie,einsaidfirs.cathodeisoontain,.^^^ 
LsInrdsaidsecondca*odeiscon.ain^«i*in^^«-~ 

^" .ea^«isofclai.n«,,^«— 

section. 

„ :T,eapparat.sofclain.45,fi.rtl,ercon,prtsingafiistf.aidoutletdisposedn, 
::dsI:lon»dasec„ndfinido.t,etdisposedn.ssidfonrt.sec«o„.r 

moving said electrolyte ftom said polishing receptacle. 

,„ T^eappMatnsofclaimST.Mierconiprisingatleastonemoveableiet 
" i;!:Is.doad,odeandsaid«inle.forapp.yh.apMngcn,rentand 

said electrolyte to the wafer. 
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49. The apparatus of claim 48, wherein said moveable jet further comprises a 
second cathode outside of and positioned around said fluid inlet. 

50. The apparatus of claim 49, wherein said moveable jet further comprises an 

5 insulating wall positioned around said second cathode, and a third cathode positioned 
around said insulating wall. 

51. The apparatus of claim 48, wherein said moveable jet is moveable in a straight 
path parallel to the wafer. 

10 

52. The apparatus of claim 48, wherein said moveable jet is moveable in a curved 
path parallel to the wafer. 

53. The apparatus of claim 52, wherein said curved path is a spiral path. 

15 

54. The apparatus of claim 48, wherein said wafer chuck positions the wafer 
horizontally adjacent to said moveable jet. 

55. The apparatus of claim 48, wherein said wafer chuck positions the wafer 
20 vertically adjacent to said moveable j et. 

56. The apparatus of claim 37, further comprising: 

at least one fluid outlet for removing said electrolyte from said polishing 
receptacle; and 

25 an electrolyte reservoir for holding said electrolyte, wherein said fluid inlet 

and said fluid outlet are connected to said electrolyte reservoir. 

57. The apparatus of claim 56, further comprising at least one mass flow 
controller connected between said electrolyte reservoir and said fluid inlet. 

30 

58. The apparatus of claim 57, wherein said mass flow controller is a Liquid Mass 
Flow Controller (LMFC). 
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, X.appa^ofo>ai.5.^-.pH.U.ap«s»..e*va.«.spo^ 
^;wcen.l.eou«=.ot.aidpumpa.d-de.ec«o,=^--'»- 

fi. The appaiawofclaim 56. further «>"T'«»e- 

" ahea:.rhe....de,=oMy».a.de,ec»..e^^™^^^^ 

a.emperawresemorforde.ectogto.emperawcof-d^'-""^ 

^""r::r— .r— ..e.e.^o..d.^^^ 

electrolyte reservoir. 
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63. The apparatus of claim 62, wherein said heater controller maintains said 
electrolyte at a temperature between 15 degrees Celsius and 60 degrees Celsius. 

5 64. The apparatus of claim 37, further comprising at least one power supply 
connected to the wafer and said cathode. 

65. The apparatus of claim 64, wherein said power supply applies a polishing 
current of about 0.1 amperes per decimeter-squared (A/dm^) to about 40 amperes per 

10 decimeter-squared (A/dm^). 

66. The apparatus of claim 64, wherein said power supply is configured to operate 
in direct current (DC) mode. 

15 67. The apparatus of claim 64, wherein said power supply is configured to operate 
in pulse modes. 

68. The apparatus of claim 67, wherein said power supply is configured to operate 
using a bipolar pulse, a modified sine-wave, unipolar pulse, pulse reverse, or duplex 

20 pulse. 

69. The apparatus of claim 64 in which said power supply is configured to operate 
in a constant current mode. 

25 70. The apparatus of claim 69 in which said power supply is fiirther configured to 
operate in a constant voltage mode. 

71 . The apparatus of claim 64 in which said power supply is configured to operate 
in a constant voltage mode. 

30 V 

72. The apparatus of claim 37, further comprising a drive mechanism for rotating 
said wafer. 
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,3 Theapp.atusof.ai.72.w..e.saiddHve.— ^^^^ 
LtlOrevolutionsperndnutetoaboutSOrevoluUonsper.^^^^^^ 

. i,^n,^7 wherein said electrolyte includes orthophosphoric 
74. The apparatus of claim 37, wlierein !»« 

5 acid(H2P04). 

the wafer relative to said cathode. 

, , • 77 «,herein said cathode is configured to move 
78. The apparatus of claim 77, wheremsaiQc 

relative to the wafer. 

20 comprising: 

..,eo»o^efo,poHshing*.«« ^^^^ 

""'^:p::;:!;«i.=.fo.«^de,=c...ein.os..po>^ 

electrolyte to electropoUsh the wafer. 

T,eappara».oto,ai»,9,w.e«.saidp>uraa.ofsec.o„wa.,s — 
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a first section wall, wherein said first section wall encloses a first section of 
said polishing receptacle; and 

a second section wall, wherein said second section wall encloses said first 
section wall to form a second section of said polishing receptacle. 

5 

8 1 . The apparatus of claim 80, wherein said plurality of cathodes comprises: 

a first cathode disposed within said first section of said polishing receptacle; 

and 

a second cathode disposed within said second section of said polishing 
10 receptacle. 

82. The apparatus of claim 80, wherein said plurality of fluid inlets comprises: 

a first fluid inlet disposed within said first section of said poUshing receptacle; 

and 

15 a second fluid inlet disposed within said second section of said polishing 

receptacle. 

83. The apparatus of claim 82, fiirther comprising: 

a third fluid inlet disposed within said first section; and 
20 a fourth fluid inlet disposed within said second section. 

84. The apparatus of claim 80, further comprising: 

a third section wall, wherein said third section wall encloses said second 
section wall to form a third section of said polishing receptacle. 

25 

85 . The apparatus of 84, wherein said plurality of cathodes comprises: 

a first cathode disposed within said first section of said polishing receptacle; 

and 

a second cathode disposed within said third section of said polishing 
30 receptacle. 

86. The apparatus of claim 85, wherein said plurality of fluid inlets comprises: 

a first fluid inlet disposed within said first section of said polishing receptacle; 

and 
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receptacle. 



87. Theapp^raosofd^i"'*'*^^"'"'™"': 



,fo^flui6We.disposed^tosaid*irdsecB».<.fsa.dpohshmg 

receptacle. 

8, T.eappara«.ofo,ain>79,w.e«tosaidpl«r..UyofsecUo„«a>.decre^in 

::8.."X.o„..a^-.».ee..or.dpoas^.— 

heighti,.aradiallyoutwalddir«t,onftomto«nt«ofsa, p 

^ apparau. of oWm 79, therein said of secta »a,l» is 

configured in a circular shape. 

^. Theappara«.ofciata,7,,w.=rein.aidpi^.yof-*o„waUais 
configured in an oval shape. 

Theappa,a«sofciaim79.v.he«insaidp>wali.yofseedonwaiUi. 
25 configured in a triangular shape. 

The appara^s of clain, 79. wherein saidpiuraiity of secUonwaiis is 
configured in a square shape. 

. f .i«im 79 fiirther comprising a plurality of section arms 
30 95. The apparatus of claim 79. fiulher / ^^^^^^^.^ ^^erein said 
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96. The apparatus of claim 79, wherein said wafer chuck positions the wafer 
adjacent the tops of said pluraUty of section walls to fonn a gap. 

97. The apparatus of claim 96, wherein said electrolyte flows in said gap formed 
5 between the wafer and the tops of said plurality of section walls. 

98. The apparatus of claim 79, further comprising a drive mechanism for rotating 
the wafer. 

10 99. The apparatus of claim 79, further comprising at least one fluid ouflet disposed 
within said polishing receptacle. 

100. The apparatus of claim 99, further comprising: 

an electrolyte reservoir for holding said electrolyte, wherein said fluid outlet 
1 5 and said plurality of fluid inlets are connected to said electrolyte reservoir; and 
at least one pump connected between said electrolyte reservoir and said 
plurality of fluid inlets for pumping said electrolyte into said polishing receptacle. 

1 01 . The apparatus of claim 1 00, further comprising at least one mass flow 
20 controller connected between said piunp and said plurality of fluid inlets. 

102. The apparatus of claim 100, further comprising at least one control valve 
connected between said pump and said plurality of fluid inlets. 

25 103. The apparatus of claim 1 00, further comprising a pressure leak valve 
connected between said pump and said electrolyte reservoir. 

104 The apparatus of claim 100, further comprising: 

a heater for heating said electrolyte in said electrolyte reservoir; 
30 a temperature sensor for detecting the temperature of said electrolyte in said 

electrolyte reservoir; and 

a heater controller for controlling the temperature of said electrolyte in said 

electrolyte reservoir. 
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f uin, 79 further comprising at least one power supply 
105 The apparatus of claim 79, tunneruu v 

connected to the wafer and saidplurality of cathodes. 

of claim 105 further comprising at least one charge monitor 

106. The apparatus of clarai iuj, lu 

5 comiectedtosaidatleastonepowersupply. 

. u^ml9 whereinsaidplurality of cathodes is formedfrom 

107. The apparatus of clami 79, wnerembd p 

copper. 

. i.im79 whereinsaidplurality Of cathodesisformedfixjm 
10 108. The apparatus of claim 79, wherems p 

platinum. 

f nn,79 wherein said pluraUty of cathodes is formed fiom 
109. The apparatus of claim 79, wnerem saiu h 
titanium coated with a layer of platinmn. 

about 50 mimm to about 40O microns. 

, , i„79 whereto said electrolyte motadesorthophosptolic 
,11. The apparatus of daun 79, wherem . ,,^ts 

.0 acid(mPO.).avto.aco„ce..ra,ro^-2^J^,ne!;(asai«^ 
percer*. by weight, and eontanmig about 1 percent 

the acid). 

f .u^m 79 further comprising a diffiiser ring disposed above 
112. The apparatus of claim 79, lunnerwi ^ 

25 each of said plurality of cathodes. 

f i,im79 further comprising at least one in-situfihn 

the thickness of the metal layer. 

r , • in wherein said in-situ fihn thickness uniformity 
1 14. The apparatus of clami 113, wherem saio in 

monitor includes an ultrasonic sensor. 
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115. An apparatus for electropolishing a metal layer formed on a wafer, 
comprising: 

an electrolyte for polishing the metal layer; 

a polishing receptacle for receiving the wafer; 
5 a wafer chuck for hold the wafer and for positioning the wafer within said 

polishing receptacle; and 

at least one jet for applying said electrolyte to the wafer, wherein said jet 
applies said electrolyte to successive portions of the wafer to uniformly electropolish 
the metal layer from the wafer. 

10 

1 1 6. The apparatus of claim 115, wherein said jet moves along a path to apply said 
electrolyte to successive portions of the wafer. 

1 1 7. The apparatus of claim 1 1 6, wherein said jet moves along a straight path 
1 5 parallel to the wafer. 

118. The apparatus of claim 116, wherein said jet moves along a curved path 
parallel to the wafer. 

20 119. The apparatus of claim 116, wherein said jet moves along a spiral path. 

120. The apparatus of claim 115, further comprising at least one cathode disposed 
within said jet for applying an electropolishing charge to electropolish the metal layer 
from the wafer. 

25 

121. The apparatus of claim 120, further comprising at least one fluid inlet disposed 
within said polishing receptacle for delivering said electrolyte to inraierse the wafer in 
said electrolyte. 

30 122. The apparatus of claim 120, further comprising at least one fluid inlet disposed 
within said jet for delivering said electrolyte to said jet. 

123. The apparatus of claim 115, further comprising a drive mechanism to rotate 
the wafer. 
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. , -^ns wherein said wafer chuck is configured to move 

. 1 v^iH whereinsaidwaferchuckpositionsthewafer 
5 125. The apparatus ofclaim 115, wherein sui 

horizontally within said polishing receptacle. 

. 1 • 1 1 wherein said wafer chuck positions the wafer 
126. The apparatus of claim 115, wherein sai 

vertically within said polishing receptacle. 
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34. The meihod of claim 1 , wherein said polishing current has a current density of 

about 0.1 amperes per decimeter-squared (A/dm*) to about amperes per decimeter- 
squared (40 A/'dm^). 

35. The meihod of claim 1, wherein said electrolyte includes orthophosphoric acid 
(H2P04). 



36. The method of claim 35, wherein said orthophosphoric acid has a 

10 concentration of about 60 percent to about 85 percent and contains about 1 percent 
aluminum metal (against weight of the acid). 

37. An apparatus for electropolishing a metal layer formed on a wafer, 
comprising: 

15 an electrolyte for polishing the metal layer; 

a polishing receptacle configxired to receive said electrolyte and the wafer; 
a wafer chuck configured to hold and to position the wafer within said 
polishing receptacle; 

a fluid inlet configured to deliver said electrolyte into said polishing 
20 receptacle; and 

at least one cathode configured to apply an electropolishing current to said 
electrolyte to electropolish the wafer. 

38. The apparatus of claim 37, wherein said polishing receptacle is divided into at 
25 least three sections. 



30 



39. The apparatus of claim 38, further comprising: 

a first cathode disposed within one of said three sections; and 

a second cathode disposed within another one of said three sections. 

40. The apparatus of claim 39, wherein said three sections of said polishing 

receptacle comprises: 

a first section; 71 
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section; and 
section. 



^„d fluid disposed in said second se«io„ corfi^red .o deUver 
electrolyte into said second section. 

43 THe appara^s of Cain, 42, «.er eompHsing a fluid ouUe. disposed^said 
L.lIUur=d.o.n.ovesaide.eo.iy«-^^P«"--— 

Theappa.«sofcia^40,fi^ercon,risinsa(ou*s^on,whe«insaid 

ajri section is contained within in fourth secnon. 

,0 45 Theappa.a.usofeiain,44,whereinsaidfl,stea.hodeiseon,ain^v.,i,ins.^ 
Lsectionrdsaidsecondca.i.odeisconta.edwifl.nsaid.hndsec..o„. 

4, The apparan. of Cain, 45, fi«h=r contprising a first fluid inie. disposed in 

into said third section. 

„ Theappa,atuso,Cain,45,«he.con,pHsinsaf.rstfluidoufle.d^sedi. 
Isecondlonandaseeondfluidoutietdisposedinsaidfo^^seo^on 

30 configured «> ,en»ve said eiecuolyu fiom said polishing receptaCe. 
and said electrolyte to the wafer. 
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49. The apparatus of claim 48, wherein said moveable jet further comprises a 
second cathode outside of and positioned around said fluid inlet, 

5 50, The apparatus of claim 49, wherein said moveable jet further comprises an 
insulating wall positioned around said second cathode, and a third cathode positioned 
around said insulating wall. 

5 1 . The apparatus of claim 48, wherein said moveable jet is moveable m a straight 
1 0 path parallel to the wafer, 

52. The apparatus of claim 48, wherein said moveable jet is moveable in a curved 
path parallel to the wafer. 

15 53. The apparatus of claim 52, wherein said curved path is a spiral path. 

54. The apparatus of claim 48, wherein said wafer chuck positions the wafer 
horizontally adjacent to said moveable jet. 

20 55. The apparatus of claim 48, wherein said wafer chuck positions the wafer 
vertically adjacent to said moveable jet. 

56. The apparatus of claim 37, further comprising: 

at least one fluid outlet configured to remove said electrolyte from said 
25 polishing receptacle; and 

an electrolyte reservoir configured to hold said electrolyte, wherein said fluid 
inlet and said fluid outlet are connected to said electrolyte reservoir. 

57. The apparatus of claim 56, further comprising at least one mass flow 
30 controller connected between said electrolyte reservoir and said fluid inlet. 

58. The apparatus of claim 57, wherein said mass flow controller is a Liquid Mass 
Flow Controller (LMFC). 
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5, The appara^s of cWm 56. W>« co^prUin, a. l=a« one f..d p^n,. 
co^ee^dbetween-dcleem-ly^reservoirandsaidauidWet 

T.eap^ofcUtaW.whereta-^-i^P-P'-^^l*-^^""''- 
« T.eappa^ofc.ai«5,.*«he,co.^sinSap«s»«.ea.va.edispo.ed 
t««e„fl,eoufle.ofsaidp».p3nds=id...e»l,«reservo,r. 



,„ ahea..eo„fi,>^»Hea.s.de,ee™>.e.saide,ec«o.y»K»^^ 

are sensor 

.nfigured to controlthe temperature of said electrolytem 



62. -nie apparatus of claim 56. further compnsmg: 
^ . J ueat said electrolyte in s£ 
.™pe«»ese^rc<,nf.s»red.ode«c.d,e«.per«»ofsaide>ee...y«u. 

said electrolyte reservoir, and 
a heater controller cor 
said electrolyte reservoir. 

. ^.,r. 62 wherein said heater controller maintains said 
63. T^^^PP^^^'^^"^'"' " .de^reesCelsiusandabouteOdegrees 
electrolyte at a temperature between about 1 5 degrees Celsms 

Celsius. 



20 



f .i«5m 37 further comprising at least one power supply 

64. The apparatus of claim 37, lurmen^ui i> 

comiected to the wafer and said cathode. 

65 Ueapparatusofclaim64,whereinsaidpowersupplyappliesapolishing 

65 . 1 ne apparaiu^ ^ amperes per 
,^,„fabo«0.1 amp«e.perd=cta.«:-s,uared(A/dm).oabo». 

25 decimeter-squared (A/dm ). 

.heappa.»sore.aU„64.»h=rei„saidpo»er.«>,isco^.red»op«a« 

in direct current (DC) mode. 
30 Ueappa.»ofcUi»64,.he«i..aidpo«ers»pp.,.co„f.>.ed»ope.» 

in pulse modes. 
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68. The apparatus of claim 67, wherein said power supply is configured to operate 
using a bipolar pulse, a modified sine-wave, unipolar pulse, pulse reverse, or duplex 
pulse. 

5 69. The apparatus of claim 64 in v^^hich said power supply is configured to operate 
in a constant current mode, 

70. The apparatus of claim 69 in which said power supply is further configured to 
operate in a constant voltage mode. 

10 

71 . The apparatus of claim 64 in which said power supply is configured to operate 
in a constant voltage mode. 

72. The apparatus of claim 37, fiirther comprising a drive mechanism configured 
15 to rotate said wafer. 

73. The apparatus of claim 72, wherein said drive mechanism rotates said wafer at 
about 10 revolutions per minute to about 30 revolutions per minute. 

20 74. The apparatus of claim 37, wherein said electrolyte includes orthophosphoric 
acid (H2P04). 

75. The apparatus of claim 74, wherein said orthophosphoric acid has a 
concentration of about 60 percent, by weight, to about 85 percent, by weight. 

25 

76. The apparatus of claim 75, wherein said orthophosphoric acid fiirther includes 
about 1 percent aluminum metal (against the weight of the acid). 

77. The apparatus of claim 37, wherein said wafer chuck is configured to move 
30 the wafer relative to said cathode. 

78. The apparatus of claim 77, wherein said cathode is configured to move 
relative to the wafer. 



75 

AMENDED SHFH (ARTICLE 19) 



PCTAJS99/15506 . 

WO 00/03426 

„. ABapp»tustor.leoBopoli*ingame.al.ay«fonn^onawafer, 

comprising: 

an electrolye for polishing the metal layer; 

p, Ji., of ««io„ v»Us divide said poUshi., n^^^ ' 
"*":^,ch-corfigur=d.oho,da»d,oposi«oa.h=™f^wi*i„»d 

'""^pZ:!;"odesc„„..»«a»app...— HsM.o^..o.d 

electrolyte to electropollsh the wafer. 

,5 80 •n.eapparatu.ofclaimT^.wh.retasaidplt.ralityots^tio.waUscompris^: 
" !tLon»al..wl,ereinsaldf,rst«c.ion»a.le„clo.sa«sect.onof 

^"^:n:r:ltw.ere.aaid«o...o„«al,e.olo..dr. 
^„n »aU to form a second secUon of said polishing recepmcle. 

SI T1,eappara«.ofclaim80,whereinsaidplurali,yofoa.hodescon,prise. 

lt!a,hodedispos=dv.,hinsaidf.rstsecUonofsaidpolish.ngreoeptac,e. 

a second cathode disposed within said second secdon of said polishing 

25 receptacle. 

8, Theappara.usofclahn80,whereinsaidpl«rall.yoff.uldinle.sco,nprises^^^^ 
IfirstLdinletdisposedwithlnsaid.irstsectlonofsaidpo..sh,ngreceptade, 

and 

30 

receptacle. 



asecondHuidinlet disposed withinsaidsecondsectionofsaidpolishing 



83 The apparatus of claim 82, fUrther comprising: 

a third fluid inlet disposed within s^d first section; and 
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84. The apparatus of claim 80, further comprising: 

a third section wall, wherein said third section wall encloses said second 
5 section wall to form a third section of said polishing receptacle. 

85. The apparatus of 84, wherein said plurality of cathodes comprises: 

a first cathode disposed within said first section of said polishing receptacle; 

and 

10 a second cathode disposed within said third section of said polishing 

receptacle. 

86. The apparatus of claim 85, wherein said plurality of fluid inlets comprises: 

a first fluid inlet disposed within said first section of said polishing receptacle; 

15 and 

a second fluid inlet disposed within said third section of said polishing 
receptacle. 

87. The apparatus of claim 86, further comprising: 

20 a third fluid inlet disposed within said first section; and 

a fourth fluid inlet disposed within said third section of said polishing 
receptacle. 

88. The apparatus of claim 79, wherein said plurality of section walls are 
25 configured to move between an extended position and a retracted position. 

89. The apparatus of claim 79, wherein said plurality of section walls decrease in 
height in a radially outward direction from the center of said polishing receptacle. 

30 90. The apparatus of claun 79, wherein said plurality of section walls increase in 
height in a radially outward direction from the center of said polishing receptacle. 

91 . The apparatus of claim 79, wherein said plurality of section walls is 
configured in a circular shape. 
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92. The apparatus 
configured in an oval shape 



of claim 79. wherein said plurality of section walls is 



10 



15 



5 ,3, u=app«.-ofclain.79.«h«einsai<ip.»«.i.y«f-tio«»a..sis 
configured in a triangular shape. 

f .^im^Q wherein said plurality of section waUs is 
94. The apparatus of claim 79, wnerem SOI i. 

configured in a square shape. 

f.iaim79 whereinsaidwaferchuckpositions the wafer 
96 The apparatus of claim 1% wnerem 
^ te «>ps of said plmality of ««ion walls .0 form a (». 

„ ,,eappara«sofcUta96..h=«in-e.e«roly«flo«i„saidgapfo™=d 
be^ecn ,»afer and fl« tops of said plnrali^, of section walls. 

Tl«appara»sofc,ain.79,M.e.co,npHsin,adHven,eehanisn.confi^ 
to rotate the wafer. 

T.eappa.a«sofclain,79.*^=rco«pri^.«'-«-«°>»'"'"^'»^ 
25 within said polishing receptacle. 

inn The apparatus of claim 99, further comprising: 

relIoly.reservoi,confi^«.^M»-*"-»>^-"^-":;l 
.«le.rs^dp,l.ofMdinle.a.eonnec«d»saidelec«oly«rese^^^^ 

30 atleas. nepun,poonn«.dbe»eensaidele»ol,« — 

p,^,of..uidinle,scon8,u«d«,pnn.saideleo»>.y«in«.sa.dpol^ 

receptacle. 
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101. The apparatus of claim 1 00, further comprising at least one mass flow 
controller connected between said pump and said plurality of fluid inlets. 



1 02. The apparatus of claim 1 00, further comprising at least one control valve 
5 connected between said pump and said plurality of fluid inlets. 

1 03 . The apparatus of claim 1 00, further comprising a pressure leak valve 
connected between said pump and said electrolyte reservoir. 

10 1 04 The apparatus of claun 1 00, further comprising: 

a heater configured to heat said electrolyte in said electrolyte reservoir; 

a temperature sensor configured to detect the temperature of said electrolyte in 
said electrolyte reservoir; and 

a heater controller configured to control the temperature of said electrolyte in 
15 said electrolyte reservoir. 

105. The apparatus of claun 79, furdier comprising at least one power supply 
connected to the wafer and said plurality of cathodes. 

20 106. The apparatus of claim 1 05, further comprising at least one charge monitor 
connected to said at least one power supply. 

107. The apparatus of claim 79, wherein said plurality of cathodes is formed from 
copper. 

25 

108. The apparatus of claim 79, wherein said plurality of cathodes is formed from 
platinum. 

109. The apparatus of claim 79, wherein said plurality of cathodes is formed from 
30 titanium coated with a layer of platinum. 

1 1 0. The apparatus of claim 1 09, wherein said layer of platinum has a thickness of 
about 50 microns to about 400 microns. 
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by «ighl, md coatamng about 1 percent 



the acid). 

5 



„, ^.^CCai^nWheroo^pHsinsaaiffi^HngdUposedabove 
each of said plurality of cathodes. 

fM,im79 further comprising at least one in-situfihn 
113. Tlxe apparatus of claun 79, fuller ^ configured to 

10 thicknessumfomutymonitordisposedw.thmsa.dpohshingre 

monitor the thickness of the metal layer. 

„, Ueappa«»ofcUi»n3,wheteinsaid.n..»aU«.Hc>»sa — 
monitor includes an ultrasonic sensor. 

comprising: 

a, electrolyte for polishing the metal layer; 

apohshingreceptacleconfignredtoreceiveftejafcr^^ 
20 a«aferchuckconfigu,«itoholdandtoposmort.he«afer». 

'"*:r:Jrc!*nredtoappl,saide.ec.l,te»^ 
ie.appUes-electroly.e,os^e.ivepor.ion.o,.he«a,.to — 

dectropolish the metal layer from the wafer. 

25 J ■..„„„« alone a path to apply said 

116. Tl.eapparatusofclaimll5.wheremsa,djetmovesalong P 

electrolyte to successive portions of the wafer. 

,1, ^eapparatusofclaimn6,whereinsaidietmovesalongastraightpath 
30 parallel to the wafer. 

„, Theapparatosofclalm 116.whe.einsaidie.movesalongacurvedpa,h 
parallel to the wafer. 
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1 1 9. The apparatus of claim 1 1 6, wherein said jet moves along a spiral path. 



120. The apparatus of claim 115, further comprising at least one cathode disposed 
within said jet configured to apply an electropolishing charge to electropolish the 

5 metal layer from the wafer. 

121 . The apparatus of claim 120, further comprising at least one fluid inlet disposed 
within said polishing receptacle configured to deliver said electrolyte to immerse the 
wafer in said electrolyte. 

10 

122. The apparatus of claim 120, further comprising at least one flxiid inlet disposed 
within said jet configxired to deliver said electrolyte to said jet. 

123. The apparatus of claim 1 1 5, further comprising a drive mechanism configured 
15 to rotate the wafer. 

124. The apparatus of claim 115, wherein said wafer chuck is configured to move 
the wafer relative to said jet to expose successive portions of the wafer to the jet. 

20 125. The apparatus of claim 1 15, wherein said wafer chuck positions the wafer 
horizontally within said polishing receptacle. 

126. The apparatus of claim 115, wherein said wafer chuck positions the wafer 
vertically within said polishing receptacle. 
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